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% BC_Script_v9_NODE_XY performs the geometrical characterisation of lattice 

% nodes on the XY plane. 

Loading of images 

Img_FolderPath =  'C:\Users\beatr\OneDrive - University of 

Strathclyde\PhD\Documents\MATLAB'; %'C:\Users\prb19227\Documents\MATLAB' 

Img_LatticeName = 'L1-Lattice'; % 'L1-Lattice' 'L2_lattice' 'L3_Lattice' 'L4_Lattice' 

'L6_Lattice' 'L7_Lattice' 

Img_FullFilePath = fullfile(Img_FolderPath, Img_LatticeName); 

 

if ~isfolder(Img_FullFilePath) % the tilde ‘~’ is a logical negation. So the if 

condition is true (the file exist), the algorithm goes to ELSE cosndition. 

    disp('Please update the file path') 

    return 

 

else 

        imds = imageDatastore(Img_FullFilePath,... 

    'IncludeSubfolders',true,'FileExtensions','.tiff','LabelSource','foldernames'); 

end 

Scale management 



 

PixelWidth_micron = 7.24575; %(1 pixel = 7.24 micron) 

Choose what should be computed ( = 1 only) 

Compute_BlobAtEdgeFiltering = 1; % Remove blobs in touch with the edge (circular 

shape only !!!) 

Compute_BlobSizeColour = 1; % Colour blobs according to their area 

Compute_BlobSizeFiltering = 1; % Filter blobs in touch with the outer circle 

Reading the images 

for i_img = 220:347 

    Img = readimage(imds, i_img); % reads the i-th image in the image store imds 

    Img_bw = Img == 255;% Convert image to binary 

    numberImg = string(i_img); 

Remove blobs at edge 

if Compute_BlobAtEdgeFiltering == 1 

    se_size = 25; 

    DispResult = 0; % Set 'DispResult = 1' if intermediate steps should be displayed 

    [Img_NoEdge, Edge_Radius] = Fctn_RemoveEdgeBlobs(Img_bw, se_size, DispResult); 

    Img2Use = Img_NoEdge; 

else 

    Img2Use = Img_bw; 

end 

Image properties 

[ImgHeight_pixel, ImgWidth_pixel, ~] = size(Img2Use); % Size of the image Img_bw 

Img_Labeled = bwlabel(Img2Use, 8); % 8 : connectivity %bwlabel LABELS connected 

components in a binary image 

Properties = regionprops('table', Img_Labeled , 

{'Area','ConvexHull','PixelList','EquivDiameter'}); % Changing 'all' by the selection 

of desired properties decrease computation time 

Properties.AreaMicron = Properties.Area .* ((PixelWidth_micron)^2); % creates a 

coloumn in the TABLE Properties called "AreaMicron" 

Properties.EquivDiameterMicron = Properties.EquivDiameter .* (PixelWidth_micron); 

 

SliceNumber_imgI = zeros(height(Properties),1); 

SliceNumber_imgI(:) = i_img; %it's a vector 

Properties.SliceNumber = SliceNumber_imgI; 

Segmentation - Filtering : keep only the struts of interest 

if Compute_BlobSizeFiltering == 1 

    %--- Trigger definition 

    trig_low_Micron = 200000; 

    trig_high_Micron = 300000; 



 

 

    %--- Filtering : Identify the struts of interest (SOIs) 

    Index_SOI = find((Properties.AreaMicron >= trig_low_Micron) & 

(Properties.AreaMicron <= trig_high_Micron)); % SOI = Strut Of Interest 

    Mask_SOI = ismember(Img_Labeled, Index_SOI); % Extract only those blobs that meet 

our criteria 

    Boundaries_SOI = bwboundaries(Mask_SOI, 8, 'noholes'); % 8 : connectivity 

 

    %--- 1st step : Convert data (µm²) to create coloured image (+ Conversion pixel 

=> µm) 

    [ColourBlob_Img, BinLimits, cmap] = Fctn_ColourBlob_Area(Img2Use, 

Properties.AreaMicron); 

    % ColourBlob_Img : image 

    % BinLimits : max and min area values 

    % ColorMap : Matlab object permitting to manage image colours 

 

    %--- 2nd step : Create figure and axes, display image & define required settings 

    Fig_Strut = figure('NumberTitle', 'off', 'name', 'filtered struts and strut 

measurement' + numberImg, 'Color', [1 1 1]);% Create figure 

    set(Fig_Strut, 'Units', 'normalized'); 

    %     ImgFigOutPosition = [0.375 0.05 0.6 0.9]; % Uncomment to define figure 

position 

    %     set(Fig_Area, 'OuterPosition', ImgFigOutPosition); % Uncomment to define 

figure position 

    Axes_SOI = axes(Fig_Strut); % Create axes 

    cla(Axes_SOI, 'reset'); % Reset axes (good for memory) 

    hold(Axes_SOI, 'on') 

    %------ Add scale in µm to x & y axis 

    micron_Ticks_Step = 1000; 

    Fctn_AddScale(Axes_SOI, micron_Ticks_Step, PixelWidth_micron, ImgHeight_pixel, 

ImgWidth_pixel) 

 

    imgoverlay = imoverlay(Img_bw, Mask_SOI,'yellow'); 

    imshow(imgoverlay, 'Parent', Axes_SOI); 

    hold(Axes_SOI, 'on') 

     %------ Add scale in µm to x & y axis 

    micron_Ticks_Step = 1000; 

    Fctn_AddScale(Axes_SOI, micron_Ticks_Step, PixelWidth_micron, ImgHeight_pixel, 

ImgWidth_pixel) 

    hold(Axes_SOI, 'on') 

 



 

 

 

    %--- Filtering : Identify the struts of interest (SOIs) 

    Index_SOI = find((Properties.AreaMicron >= trig_low_Micron) & 

(Properties.AreaMicron <= trig_high_Micron)); % SOI = Strut Of Interest 

    Mask_SOI = ismember(Img_Labeled, Index_SOI); % Extract only those blobs that meet 

our criteria 

%     figure, imshow(Mask_SOI); 

%     imshow(Mask_SOI, [0 80]); 

%     hold(Axes_SOI, 'on') 

% 

%     %------ Add scale in µm to x & y axis 

%     micron_Ticks_Step = 1000; 

%     Fctn_AddScale(Axes_SOI, micron_Ticks_Step, PixelWidth_micron, ImgHeight_pixel, 

ImgWidth_pixel) 

 

 

    %--- Storing SOIs properties in table 

    Props_SOI = Properties(Index_SOI, :); % Creates table with regionProps only for 

the indexed SOIs 

 

    %--- Store the filtered struts in singular vectors and cells. To do this, it's 

better 

    %to store the data in separated vector and then to recombine the table 

 

    SliceNumberV = Props_SOI.SliceNumber; 

    AreaMicronV = Props_SOI.AreaMicron; 

    ConvexHullC = Props_SOI.ConvexHull; 

    PixelListC = Props_SOI.PixelList; 

    EquivDiameterMicronV = Props_SOI.EquivDiameterMicron; 



 

 

    if i_img == 1 

        i0 = 0; 

        i =  i0 +1; 

        j =  i + length(SliceNumberV) -1; 

 

        SliceNumber(i:1:j,1) = SliceNumberV(:); 

        AreaMicronTot(i:1:j,1) = AreaMicronV(:); 

        ConvexHull(i:1:j,1) = ConvexHullC(:); 

        PixelListTot(i:1:j,1) = PixelListC(:); 

        EquivDiameterMicron(i:1:j,1) = EquivDiameterMicronV(:); 

        i0 = j; 

    else 

        i0 = j; 

        i =  i0 +1; 

        j =  i + length(SliceNumberV) -1; 

        SliceNumber(i:1:j,1) = SliceNumberV(:); 

        AreaMicronTot(i:1:j,1) = AreaMicronV(:); 

        ConvexHull(i:1:j,1) = ConvexHullC(:); 

        PixelListTot(i:1:j,1) = PixelListC(:); 

        EquivDiameterMicron(i:1:j,1) = EquivDiameterMicronV(:); 

        i0 = j; 

    end 

 

    %--- Making the table with all the struts 

    A = table(SliceNumber, AreaMicronTot,ConvexHull,PixelListTot, 

EquivDiameterMicron); 

end 

end 

Analysis of the regions with Ellipse Axes, Feret Diameters and 
Bounding box 

https://uk.mathworks.com/help/matlab/ref/waitbar.html and modified 

% MinorAxisLength (or MajorAxisLength) is the Length (in pixels) of the 

% minor axis (or major axis) of the ellipse that has the same normalized 

% second central moments as the region, returned as a scalar. Second 

% Central Moments are IMAGE PROPERTIES often used after segmentation to 

% help the analysis. 

% Props_SOI.MajorAxisLengthMicron = Props_SOI.MajorAxisLength .* (PixelWidth_micron); 

%adding Minor and Major Axis of the Ellipse in micron 

% Props_SOI.MinorAxisLengthMicron = Props_SOI.MinorAxisLength .* (PixelWidth_micron); 

 

P_SOI = table2struct(A); % creates a STRUCTURE 

FeretP = feretPropertiesBEA5(P_SOI, PixelWidth_micron); 

% Equivalent diameter 

Fig_Histo = figure('NumberTitle', 'off', 'name', 'Histogram Equivalent Diameter Node 

XZ(µm)', 'Color', [1 1 1]); % Create figure 

histogram([FeretP.EquivDiameterMicron]); 

 

Eq_D_avg = mean([FeretP.EquivDiameterMicron]); 

 



 

% Orthogonal diameter 

Fig_HistoOF = figure('NumberTitle', 'off', 'name', 'Histogram Orthogonal Diameter 

Node XZ (µm)', 'Color', [1 1 1]); 

histogram([FeretP.OrthogonalDiameterMicron]); 

 

Ortho_avg = mean([FeretP.OrthogonalDiameterMicron]); 

 

% Sumary Table ST 

ST.DiagonalStrutsRelativeToLattice = convertCharsToStrings(Img_LatticeName); 

ST.Equivalent_Diameter_micron = Eq_D_avg; 

ST.EquivDiamtMicron_SD = std([FeretP.EquivDiameterMicron]); 

ST.OrthoDMicron = Ortho_avg; 

ST.OrthoDM_SD = std([FeretP.OrthogonalDiameterMicron]); 

ST.MaxFeretDiameter_micron = mean([FeretP.MaxFeretDiameterMicron]); 

ST.StDev_MaxFeretDiameter_micron = std([FeretP.MaxFeretDiameterMicron]); 

ST.MinFeretDiameter_micron = mean([FeretP.MinFeretDiameterMicron]); 

ST.StDev_MinFeretDiameter_micron = std([FeretP.MinFeretDiameterMicron]); 

 

ST = struct2table(ST); 

 

 

storing info 

cd NodesXY 

mkdir L1 

cd L1 

save ST ST 

save FeretP FeretP 

Published with MATLAB® R2019a 

 

https://www.mathworks.com/products/matlab


 

% RotationSlices rotates X-CT images by a desired angle gamma. This creates a 3D     

% matrix with rotated X-CT images, which are then cropped to save memory. 

% Img_FolderPath = 'C:\Users\prb19227\Documents\MATLAB'; 

% Img_LatticeName = 'C2_RedHalf'; 

 

Img_FolderPath = 'C:\Users\beatr\OneDrive - University of 

Strathclyde\PhD\Documents\MATLAB'; 

Img_LatticeName = 'L8_lattice'; %'L1-lattice'; 'L2_lattice' 'L3_lattice' 'L4_lattice' 

'L6_lattice' 'L7_lattice' 

Img_FullFilePath = fullfile(Img_FolderPath, Img_LatticeName); 

 

imds = imageDatastore(Img_FullFilePath,... 

    'IncludeSubfolders',true,'FileExtensions','.tiff','LabelSource','foldernames'); 

Properties of the stack of images 

NbImg_Z = length(imds.Files); 

alpha = 0; %roation angle determined using Dragonfly to have struts parallel to x-y 

grid 

beta = 45; %roation angle desired 

gamma = alpha + beta; %total rotation angle 

Scale management 

% PixelWidth_micron = 10.954; %(1 pixel = 10.954 micron for X-CT 
batch1) 

 PixelWidth_micron = 7.24575; %(1 pixel = 7.24 micron) 

Rotation of images of angle gamma 

% Initialization of R - array with rotated images 

Img_1 = readimage(imds,27); 

Img_R1 = imrotate(Img_1, gamma, 'bilinear'); 

[ImgHeight_pixel, ImgWidth_pixel, ~] = size(Img_R1); 

R = false(ImgHeight_pixel, ImgWidth_pixel, NbImg_Z); 

R(:,:,1) = Img_R1; 

ROT = R(:,:,1); 

warning('off','all') 

    Fig_Orig = figure('NumberTitle', 'off', 'name', 'Original', 'Color', [1 1 1]);% 

Create figure 

    set(Fig_Orig, 'Units', 'normalized'); 

    %     ImgFigOutPosition = [0.375 0.05 0.6 0.9]; % Uncomment to define figure 

position 

    %     set(Fig_Area, 'OuterPosition', ImgFigOutPosition); % Uncomment to define 

figure position 

    Axes_Orig = axes(Fig_Orig); % Create axes 

    cla(Axes_Orig, 'reset'); % Reset axes (good for memory) 

    hold(Axes_Orig, 'on') 

    imshow(Img_1, 'Parent', Axes_Orig) 



 

    %------ Add scale in µm to x & y axis 

    micron_Ticks_Step = 1000; 

    Fctn_AddScale(Axes_Orig, micron_Ticks_Step, PixelWidth_micron, ImgHeight_pixel, 

ImgWidth_pixel) 

 

 

    % Check on Rotation 

    Fig_Crop = figure('NumberTitle', 'off', 'name', 'Rotated', 'Color', [1 1 1]);% 

Create figure 

    set(Fig_Crop, 'Units', 'normalized'); 

    %     ImgFigOutPosition = [0.375 0.05 0.6 0.9]; % Uncomment to define figure 

position 

    %     set(Fig_Area, 'OuterPosition', ImgFigOutPosition); % Uncomment to define 

figure position 

    Axes_Crop = axes(Fig_Crop); % Create axes 

    cla(Axes_Crop, 'reset'); % Reset axes (good for memory) 

    hold(Axes_Crop, 'on') 

    imshow(ROT, 'Parent', Axes_Crop) 

    %------ Add scale in µm to x & y axis 

    micron_Ticks_Step = 1000; 

    Fctn_AddScale(Axes_Crop, micron_Ticks_Step, PixelWidth_micron, ImgHeight_pixel, 

ImgWidth_pixel) 

 

% return 

 

 

Run if happy 



 

Rotating and storing rotated images in R 

for img_i = 2:NbImg_Z 

    Img = readimage(imds, img_i); 

    Img_Ri = imrotate(Img, gamma, 'bilinear'); 

    R(:,:,img_i) = Img_Ri; 

end 

 

Cropping R to save memory 

se_size = 200;   % might need to be adjusted 

Img_fill = imfill(imdilate(Img_R1, strel('disk', se_size)), 'holes'); 

 

%--- Retrieve region (= circle) properties 

Img_fill_properties = regionprops('table', Img_fill , 'Area', 'Centroid'); 

Edge_Area = max(Img_fill_properties.Area); 

Edge_Centre = Img_fill_properties.Centroid(Img_fill_properties.Area == Edge_Area, :); 

Edge_Radius = round(sqrt(Edge_Area / pi())) - 1 * se_size; % Maybe need to change '1 

* se_size' by '1.1 * se_size' or more 

 

% Indexes to crop R 

Safety_Factor = 50; 

StartY = Edge_Centre(1) - Edge_Radius - Safety_Factor; 

FinishY = Edge_Centre(1) + Edge_Radius + Safety_Factor; 

SX = Edge_Centre(2) - Edge_Radius - Safety_Factor; 

FX = Edge_Centre(2) + Edge_Radius + Safety_Factor; 

 

%R_Crop 

R_Crop = R(StartY:FinishY, SX:FX, :); 

Fig_Orig = figure('NumberTitle', 'off', 'name', 'Rotated and Cropped', 'Color', [1 1 

1]);% Create figure 

imshow(R_Crop(:,:,1)) 
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% ExtractionSlicesXprimeZprime_DiagonalStruts allows to extract the X-CT slices at 45 

% degrees from the original XY plane. As such, it generates the X-CT slices that are  

% orthogonal to the diagonal struts of the octet lattice. The output of this script  

% represents the input for the AnalysisDiagonalFeatures_STRUTS_XYprimeslices_v1. 

Housekeeping 

clc 

warning('off','all') 

IMPUT NEEDED 

loading of the 3D array containing the images of interest 

%load('R_rotated_images_L1.mat','R') 

load R_Crop_C2; % R_CropL1 R_Crop_L2 R_Crop_L3 R_Crop_L4 R_Crop_L5 R_Crop_L8 

% R = R_Crop; % R-Crop is a variable stored in R_Crop_LX 

% Choose a name for the slices 

Name_Img = 'C2_Slices_45XYprime_'; % TO BE CHANGES ACCORDING TO Img_LatticeName 

'L2_Slices_45XYprime_' 'L3_Slices_45XYprime_' 

decide number of lattice cells to be analyzed in the thickness LUC 
= Lattice Unit Cell 

LUC = 2; 

% UCS = Unit Cell Size in micron 

UCS = 1100; % 1 Unit Cell Size is 1,1 mm 

% X-CT Resolution 

% XCT_Res = 7.24575; %(1 pixel = 7.24 micron) 

XCT_Res = 10.954; %(1 pixel = 10.954 micron for X-CT batch1) 

Folder path for logical arrays containing info for images "Xprime-
Zprime" planes 

Img_FolderPath = 'C:\Users\beatr\\OneDrive - University of 

Strathclyde\PhD\Documents\MATLAB'; 

mkdir C2_45XYprimeDiagonalStruts 

% Img_LatticeName = 'L2_45XprimeZprimeDiagonalStruts'; 

% Img_FullFilePath = fullfile(Img_FolderPath, Img_LatticeName); 

size of images "Xprime-Zprime" planes 

Width = (LUC * (UCS/XCT_Res)); % Number of slices needed 

HWidth = ceil(Width/2); %HalfWidth - integer 

[~, R_Width, ~] = size(R_Crop); 

CentreR = round(R_Width/2); 

StartR = CentreR - HWidth; 

FinishR = CentreR + HWidth; 



 

 

% check on rotation angle 

i_ycheck = CentreR + 30; 

img_ixz_ORGN = R_Crop(:,i_ycheck,:); %3D 

img_ixz_ORGN = reshape(img_ixz_ORGN, size(img_ixz_ORGN,1), size(img_ixz_ORGN,3)); %2D 

image 

Fig_ORGN = figure('NumberTitle', 'off', 'name', 'Original', 'Color', [1 1 1]);% 

Create figure 

imshow(img_ixz_ORGN) 

 

delta = 45; %to be changed 

 

img_ixz_ROT = imrotate(img_ixz_ORGN, delta, 'bilinear'); 

Fig_RotDelta = figure('NumberTitle', 'off', 'name', 'Rotated', 'Color', [1 1 1]);% 

Create figure 

imshow(img_ixz_ROT) 

 

 



 

Preparation to store the images/array cut according to the new X-Z plane 

(Xprime, Zprime) 

YprimeSize = FinishR - StartR; % dimension of the array along Y prime 

XprimeSize = size(img_ixz_ROT,1); 

ZprimeSize = size(img_ixz_ROT,2); 

 

D = false(XprimeSize, YprimeSize, ZprimeSize); % to extract slices 

 

RR = false(XprimeSize, YprimeSize, ZprimeSize); % to create 3D matrix 

% Let's go: 

for i_y = StartR:FinishR 

    img_ixz_old = R_Crop(:,i_y,:); %3D image 

    img_ixz = reshape(img_ixz_old, size(img_ixz_old,1), size(img_ixz_old,3)); %2D 

image 

    img_ixz_ROT = imrotate(img_ixz, delta, 'bilinear'); 

    img_ixz_ROT3D = reshape(img_ixz_ROT, size(img_ixz_ROT,1),1, size(img_ixz_ROT,2)); 

    RR(:,i_y,:) = reshape(img_ixz_ROT, size(img_ixz_ROT,1),1, size(img_ixz_ROT,2)); 

%creation of 3D matrix in the right orientation to then extract slices 

end 

 

clear R_Crop % to save memory 

% Cropping RR for memory saving 

% From half width in 

% Zprime --> 25% in Zprime + direction and --> 25% in Zprime - direction; 

% also in Xprime direction: from half width in Xprime --> 35% in Xprime + 

% direction and 35% Xprime - direction. 

 

% Size original RR 

XprimeL = size(RR,1); 

YprimeL = size(RR,2); 

ZprimeL = size(RR,3); 

Centre Points and Range; Start and Finish slices 

ZCentreSlice = ceil(ZprimeL/2); 

Z25percent = ceil(ZprimeL/4); 

Zstart = ZCentreSlice - Z25percent; 

Zfinish = ZCentreSlice + Z25percent; 

 

XCentreSlice = ceil(XprimeL/2); 

X35percent = ceil(XprimeL*35/100); 

Xstart = XCentreSlice - X35percent; 

Xfinish = XCentreSlice + X35percent; 

 

Ytempt1 = ceil(YprimeL - YprimeL*5/7); %need to be changed based on the dataset 

 

RRCrop = RR(Xstart:Xfinish,Ytempt1:YprimeL, Zstart:Zfinish); 



 

 

Clear RR to save memory 

clear RR 

Extraction slices from RRCrop 

cd C2_45XYprimeDiagonalStruts % L2_45XYprimeDiagonalStruts 

 

% We want slices that are perpendicular to Xprime-Zprime Plane now - and 

% parallel to Xprime-Yprime 

% So we want to go along Zprime to extract the images 

for i_z = 1:size(RRCrop,3) 

    img_ixy = RRCrop(:,:, i_z); %2D image ??? 

    imshow(img_ixy) 

    number_img = string(i_z); 

    Full_name = string(Name_Img + number_img); 

    Full_name = char(Full_name); 

    save(Full_name, 'img_ixy'); 

end 
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Housekeeping 

%clf 

clc 

%clear all 

warning('off','all') 

Scale management 

%PixelWidth_micron = 7.24575; %(1 pixel = 7.24 micron) 

 PixelWidth_micron = 10.954; %(1 pixel = 10.954 micron for X-CT batch1) 

Choose what should be computed ( = 1 only) 

Compute_BlobAtEdgeFiltering = 0; % Remove blobs in touch with the edge (circular 

shape only !!!) 

Compute_BlobSizeColour = 1; % Colour blobs according to their area 

Compute_BlobSizeFiltering = 1; % Filter blobs in touch with the outer circle 

LightVersion = 1; %1 means NO figures are created; 0 means that Figures are generated 

Creation of Data store to import all the segmented slices from X-CT 
for a single sample 

% Folder path and Lattice Name (Name of the Folder containing images for 

% single sample 

Img_FolderPath = 'C:\Users\beatr\OneDrive - University of 

Strathclyde\PhD\Documents\MATLAB'; 

Img_LatticeName ='C2_45XYprimeDiagonalStruts'; % 'L1_45XprimeYprimeDiagonalStruts'  

%'L1_45XprimeYprimeDiagonalStruts' 'L2_45XYprimeDiagonalStruts'; 

'L3_45XYprimeDiagonalStruts' 'L4_45XYprimeDiagonalStruts' 

'L5_45XYprimeDiagonalStruts' 'L6_45XYprimeDiagonalStruts' 

Img_FullFilePath = fullfile(Img_FolderPath, Img_LatticeName); 

 

if ~isfolder(Img_FullFilePath) % the tilde ‘~’ is a logical negation. So the if 

condition is true (the file exist), the algorithm goes to ELSE cosndition. 

    disp('Please updated the folder path and or folder name!') 

    return 

else 

    imds = fileDatastore(Img_FullFilePath, 'ReadFcn', @load, 

'FileExtensions',{'.mat'}); 

 

    % Initialize a cell array to hold the data and counter |i|. 

    dataarray = cell(numel(imds.Files), 1); 

    i = 1; 

    % Reset the datastore to the first file and read the files one at a time 

    % until there is no data left.  Assign the data to the array |dataarray|. 

    reset(imds); 



 

    while hasdata(imds) 

        dataarray{i} = read(imds); 

        i = i+1; 

    end 

end 

IMAGE ANALYSIS START 

Assumption image contains some objects (ones) 

ImageContains1 = 1; 

 

for i_img = 1:ceil(length(dataarray)/7) 

    I = dataarray{i_img,1}; % reads the i-th matrix-image in the image store imds 

    Img(:,:) = I.img_ixy(:,:); 

    Img_bw = Img; 

    number_img = string(i_img); %number of slice to put on the title of figures 

    %Img_bw = Img == 255;% Convert image to binary 

Remove blobs at edge 

    if Compute_BlobAtEdgeFiltering == 1 

        se_size = 25; 

        DispResult = 1; % Set 'DispResult = 1' if intermediate steps should be 

displayed 

        %[Img_NoEdge, Edge_Radius] = Fctn_RemoveEdgeBlobs(Img_bw, se_size, 

DispResult); 

        [Img_NoEdge, Edge_Radius] = Fctn_RemoveEdgeBlobs(Img, se_size, DispResult); 

        Img2Use = Img_NoEdge; 

    else 

        Img2Use = Img; 

        %imshow(Img2Use) 

    end 

Image properties 

    [ImgHeight_pixel, ImgWidth_pixel, ~] = size(Img2Use); % Size of the image Img_bw 

    Img_Labeled = bwlabel(Img2Use, 8); % 8 : connectivity %bwlabel LABELS connected 

components in a binary image 

Image analysis with region props 

    BLACK = false(ImgHeight_pixel, ImgWidth_pixel); 

 

    if Img2Use == BLACK 

       %A(i_img,1) = 0; 

       ImageContains1 = 0; 

    else 

        %A(i_img,1) = 1; 

        ImageContains1 = 1; 

        Properties = regionprops('table', Img_Labeled , {'Area', 



 

'PixelList','ConvexHull','MinorAxisLength','MajorAxisLength','Eccentricity'}); % 

Changing 'all' by the selection of desired properties decrease computation time 

        Properties.AreaMicron = Properties.Area .* ((PixelWidth_micron)^2); % creates 

a coloumn in the TABLE Properties called "AreaMicron" 

        SliceNumber_imgI = zeros(height(Properties),1); 

        SliceNumber_imgI(:) = i_img; %it's a vector 

        Properties.SliceNumber = SliceNumber_imgI; 

    end 

Display image where the blobs are coloured according to their area 

==> Permits to adjust filtering values 

    if Compute_BlobSizeColour == 1 && ImageContains1 ==1 

        %--- 1st step : Convert data (µm²) to create coloured image (+ Conversion 

pixel => µm) 

        [ColourBlob_Img, BinLimits, cmap] = Fctn_ColourBlob_Area(Img2Use, 

Properties.AreaMicron); 

        % ColourBlob_Img : image 

        % BinLimits : max and min area values 

        % ColorMap : Matlab object permitting to manage image colours 

 

        %--- 2nd step : Create figure and axes, display image & define required 

settings 

        Fig_Strut = figure('NumberTitle', 'off', 'name', 'Blob area display of slice 

' + number_img , 'Color', [1 1 1]);% Create figure 

        set(Fig_Strut, 'Units', 'normalized'); 

        %     ImgFigOutPosition = [0.375 0.05 0.6 0.9]; % Uncomment to define figure 

position 

        %     set(Fig_Strut, 'OuterPosition', ImgFigOutPosition); % Uncomment to 

define figure position 

        Axes_SOI = axes(Fig_Strut); % Create axes 

        cla(Axes_SOI, 'reset'); % Reset axes (good for memory) 

        hold(Axes_SOI, 'on') 

 

        imshow(ColourBlob_Img, 'Parent', Axes_SOI) 

        set(Axes_SOI, 'ColorScale', 'log', 'CLim', [BinLimits(1), BinLimits(2)], 

'Colormap', cmap) % 'lin' <=> 'log' 

        cBar = colorbar(Axes_SOI, 'AxisLocation', 'out'); % Display color bar 

        set(cBar, 'Ticks', sort(unique([cBar.Limits, cBar.Ticks]))) % Display color 

bar 

        cBar.Label.String = 'Blob area (µm²)'; 

        cBar.Ruler.Scale = 'log'; % 'lin' <=> 'log' 

        cBar.Ruler.MinorTick = 'on'; 

 

        %------ Add scale in µm to x & y axis 

        micron_Ticks_Step = 1000; 

        Fctn_AddScale(Axes_SOI, micron_Ticks_Step, PixelWidth_micron, 

ImgHeight_pixel, ImgWidth_pixel) 

    end 



 

 

Segmentation - Filtering : keep only the struts of interest 

    if Compute_BlobSizeFiltering == 1 && ImageContains1 ==1 

        %--- Trigger definition 

        trig_low_Micron = 50500; 

        trig_high_Micron = 80000; 

 

        %--- Filtering : Identify the struts of interest (SOIs) 

        Index_SOI = find((Properties.AreaMicron >= trig_low_Micron) & 

(Properties.AreaMicron <= trig_high_Micron)); % SOI = Strut Of Interest 

        Mask_SOI = ismember(Img_Labeled, Index_SOI); % Extract only those blobs that 

meet our criteria 

    %     figure, imshow(Mask_SOI); 

 

        %--- Extract boundaries of the SOI 

        Boundaries_SOI = bwboundaries(Mask_SOI, 8, 'noholes'); % 8 : connectivity 

 

        if LightVersion == 0 

 

        %--- Display result 

        %------ Figure & axes initialisation 

        Fig_SOI = figure('NumberTitle', 'off', 'name', 'SOI display  ' + number_img, 

'Color', [1 1 1]);% Create figure 

        set(Fig_SOI, 'Units', 'normalized'); 

        %     ImgFigOutPosition = [0.375 0.05 0.6 0.9]; % Uncomment to define figure 



 

position 

        %     set(Fig_Area, 'OuterPosition', ImgFigOutPosition); % Uncomment to 

define figure position 

        Axes_SOI = axes(Fig_SOI); % Create axes 

        cla(Axes_SOI, 'reset'); % Reset axes (good for memory) 

        hold(Axes_SOI, 'on') 

 

        %------ Display background image (starting image) 

        imshow(Img, 'Parent', Axes_SOI) 

 

        %------ Add boundaries 

        BoundaryColour = 'r'; % (r = red, g = green, ...) 

        BoundaryThickness = 2; 

            for i_Boundary = 1 : size(Boundaries_SOI, 1) 

                Boundary_i = Boundaries_SOI{i_Boundary}; 

                plot(Axes_SOI, Boundary_i(:,2), Boundary_i(:,1), BoundaryColour, 

'LineWidth', BoundaryThickness); 

            end 

            hold(Axes_SOI, 'off') 

 

        %------ Add scale in µm to x & y axis 

        micron_Ticks_Step = 1000; 

        Fctn_AddScale(Axes_SOI, micron_Ticks_Step, PixelWidth_micron, 

ImgHeight_pixel, ImgWidth_pixel) 

        end 

 

    end 

Analysis of the regions with Ellipse Axes, Feret Diameters and 
Bounding box 

The function FeretPropertiesBEA5 exploited and modified the 
FeretProperties function avaklable at 
https://uk.mathworks.com/help/matlab/ref/waitbar.html  

if ImageContains1 == 1 

    Props_SOI = Properties(Index_SOI, :); % Creates table with regionProps only for 

the indexed SOIs 

    % Props_SOI_ConvexHullmicron = [Props_SOI.ConvexHull{:,1}].*PixelWidth_micron; 

 

    % MinorAxisLength (or MajorAxisLength) is the Length (in pixels) of the 

    % minor axis (or major axis) of the ellipse that has the same normalized 

    % second central moments as the region, returned as a scalar. Second 

    % Central Moments are IMAGE PROPERTIES often used after segmentation to 

    % help the analysis. 

    Props_SOI.MajorAxisLengthMicron = Props_SOI.MajorAxisLength .* 

(PixelWidth_micron); %adding Minor and Major Axis of the Ellipse in micron 

    Props_SOI.MinorAxisLengthMicron = Props_SOI.MinorAxisLength .* 

(PixelWidth_micron); 

 

    P_SOI = table2struct(Props_SOI); % creates a STRUCTURE 

 

    %--- Store the filtered struts in singular vectors and cells. To do this, it's 

better 

    % to store the data in separated vector and then to recombine the 

https://uk.mathworks.com/help/matlab/ref/waitbar.html


 

    % table. We need to do this so we have a full table that contains ALL 

    % the struts (from all the slices), rather than having many P_SOI 

    % struts that are relative only to one single slice. 

 

    SliceNumberV = Props_SOI.SliceNumber(:); 

    AreaMicronV = Props_SOI.AreaMicron(:); 

    ConvexHullC = Props_SOI.ConvexHull(:); 

    PixelListC = Props_SOI.PixelList(:); 

    MajourAxisLengthMicronC = Props_SOI.MajorAxisLengthMicron(:); 

    MinorAxisLengthMicronC = Props_SOI.MinorAxisLengthMicron(:); 

    EccentricityC = Props_SOI.Eccentricity(:); 

 

 

    if i_img == 1 

        i0 = 0; 

        i =  i0 +1; 

        j =  i + length(SliceNumberV) -1; 

 

        SliceNumber(i:1:j,1) = SliceNumberV(:); 

        AreaMicron(i:1:j,1) = AreaMicronV(:); 

        ConvexHull(i:1:j,1) = ConvexHullC(:); 

        PixelList(i:1:j,1) = PixelListC(:); 

        Eccentricity(i:1:j,1) = EccentricityC(:); 

        MajourAxisLengthMicron(i:1:j,1) = MajourAxisLengthMicronC(:); 

        MinorAxisLengthMicron(i:1:j,1) = MinorAxisLengthMicronC(:); 

        i0 = j; 

    else 

        i0 = j; 

        i =  i0 +1; 

        j =  i + length(SliceNumberV) -1; 

        SliceNumber(i:1:j,1) = SliceNumberV(:); 

        AreaMicron(i:1:j,1) = AreaMicronV(:); 

        ConvexHull(i:1:j,1) = ConvexHullC(:); 

        PixelList(i:1:j,1) = PixelListC(:); 

        Eccentricity(i:1:j,1) = EccentricityC(:); 

        MajourAxisLengthMicron(i:1:j,1) = MajourAxisLengthMicronC(:); 

        MinorAxisLengthMicron(i:1:j,1) = MinorAxisLengthMicronC(:); 

        i0 = j; 

    end 

 

    %--- Making the table with all the struts of interest 

    T = table(SliceNumber, AreaMicron,ConvexHull,PixelList, Eccentricity, 

MajourAxisLengthMicron, MinorAxisLengthMicron); 

    T = table2struct(T); 

 

    %--- Calculating Feret Properties 

    FeretP = feretPropertiesBEA5(T, PixelWidth_micron); 

    % --- stuff 

    endpointsMAXferet = {FeretP(:).MaxFeretDiameterEndpoints}; % in pixel 

    endpointsMAXferetX = cell(size(endpointsMAXferet)); 

    for xx=1:size(endpointsMAXferet,2) 

        endpointsMAXferetX{1,xx} = endpointsMAXferet{1,xx}{1,1}(:,1); 

    end 

 

    endpointsMAXferetY = cell((endpointsMAXferet)); 



 

    for xx=1:size(endpointsMAXferet,2) 

        endpointsMAXferetY{1,xx} = endpointsMAXferet{1,xx}{1,1}(:,2); 

    end 

 

    %--- Analysis of the region: estimation of minor axis of ellipses of each blob 

from the area of the blob and the Max Feret diameter 

 

    %MinAxisEllipseFeret 

    A = zeros(size(FeretP,1),1); 

    a = zeros(size(FeretP,1),1); 

    b = zeros(size(FeretP,1),1); % HALF the minimum axis 

 

    for i_blob = 1 : size(FeretP,1) 

        Data_Region_i =  FeretP(i_blob); 

        A(i_blob, 1) = Data_Region_i.AreaMicron; 

        a(i_blob, 1) = Data_Region_i.MaxFeretDiameterMicron ./ 2; 

        b =  A(i_blob, 1) ./ (a * pi()); 

    end 

 

    MinAxisEllipseMaxFeretMicron = b .* 2; 

 

    % Add this as a coloumn in FeretP 

    MinAxisEllipseC = num2cell(MinAxisEllipseMaxFeretMicron); 

    [FeretP.MinAxisEllipseMaxFeretMicron] = MinAxisEllipseC{:}; 

 

    %--- Analysis of the region: estimation of the Equivalent Diameter 

    D_eq = zeros(size(FeretP,1),1); 

    for i_blob = 1 : size(FeretP,1) 

        Data_Region_i =  FeretP(i_blob); 

        A(i_blob, 1) = Data_Region_i.AreaMicron; 

        D_eq(i_blob,1) =  sqrt((A(i_blob, 1) .* 4) ./ pi()); 

    end 

 

    % Add this as a coloumn in FeretP 

    D_eqC = num2cell(D_eq); 

    [FeretP.D_eq] = D_eqC{:}; 

 

end 

 

end 

SUMMARY TABLE with Average and Standard Deviation measurements 

ST contains: 1. Equivalent Diameter; 2. Orthogonal Diameter; 3. 
MaxFeretDiameter; 4. MinFeretDiameter; 5. MajourAxisLength; 6. 
MinorAxisLength; 7. MinorAxisLengthFromMaxFeretMicron 

ST.DiagonalStrutsRelativeToLattice = convertCharsToStrings(Img_LatticeName); 

ST.Equivalent_Diameter_micron = mean([FeretP.D_eq]); 

ST.StDev_Equivalent_Diameter_micron = std(([FeretP.D_eq])); 

ST.Orthogonal_Diameter_micron = mean([FeretP.OrthogonalDiameterMicron]); 

ST.StDev_Orthogonal_Diameter_micron = std([FeretP.OrthogonalDiameterMicron]); 



 

ST.MaxFeretDiameter_micron = mean([FeretP.MaxFeretDiameterMicron]); 

ST.StDev_MaxFeretDiameter_micron = std([FeretP.MaxFeretDiameterMicron]); 

ST.MinFeretDiameter_micron = mean([FeretP.MinFeretDiameterMicron]); 

ST.StDev_MinFeretDiameter_micron = std([FeretP.MinFeretDiameterMicron]); 

ST.Majour_Axis_Micron = mean([FeretP.MajourAxisLengthMicron]); 

ST.StDev_Majour_Axis_Micron = std([FeretP.MajourAxisLengthMicron]); 

ST.Minor_Axis_Micron = mean([FeretP.MinorAxisLengthMicron]); 

ST.StDev_Minor_Axis_Micron = std([FeretP.MinorAxisLengthMicron]); 

ST.MinorAxis_FromMaxFeret_Micron = mean([FeretP.MinAxisEllipseMaxFeretMicron]); 

ST.StDev_MinorAxis_FromMaxFeret_Micron = std([FeretP.MinAxisEllipseMaxFeretMicron]); 

 

ST = struct2table(ST); %Transforming struct to table 

HISTOGRAMS of VARIABLES of INTEREST 

% Equivalent diameter 

Fig_HistoEqD = figure('NumberTitle', 'off', 'name', 'Histogram Equivalent Diameter 

Diagonal Struts (µm)  ' + convertCharsToStrings(Img_LatticeName), 'Color', [1 1 1]); 

% Create figure 

histogram([FeretP.D_eq]); 

 

% Orthogonal diameter 

HistoOrthoD = figure('NumberTitle', 'off', 'name', 'Histogram Orthogonal Diameter 

Diagonal Struts (µm)  ' + convertCharsToStrings(Img_LatticeName), 'Color', [1 1 1]); 

histogram([FeretP.OrthogonalDiameterMicron]); 

 

% MinorAxisEllipse 

HistoMinAxis = figure('NumberTitle', 'off', 'name', 'Histogram Minor Axis Ellipse for 

Diagonal Struts (µm)  ' + convertCharsToStrings(Img_LatticeName), 'Color', [1 1 1]); 

histogram([FeretP.MinorAxisLengthMicron]); 

 

 



 

 

the analysis is saved in the folder "AnalysisDiagonalStrutsXYprime" 
(From MATLAB folder) 

cd AnalysisDiagonalStrutsXYprime 

mkdir C2 % TO BE CHANGED 

cd C2 % TO BE CHANGED 

save ST ST 

save FeretP FeretP 
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% ExtractionSlicesXZ allows to extract the X-CT slices at 90 degrees with respect to 

% the original XY plane of the X-CT data. As such, it generates the X-CT slices that 

% are orthogonal to the horizontal struts of the octet lattice. The output of this    

% script  represents the input for the AnalysisHorizontalFeatures_Struts_XZ and      

% BC_Script_XZSlices_v9_from_NODES_XY. 

Housekeeping 

clc 

warning('off','all') 

IMPUT NEEDED 

loading of the 3D array containing the images of interest 
load('R_rotated_images_L1.mat','R') 

load('R_Crop_C2') 

% R_Crop = R_Crop; 

% Choose a name for the slices 

Name_Img = 'C2_XZ_'; % TO BE CHANGES ACCORDING TO Img_LatticeName 'L1_Slices_45XZ_' 

'L2_XZ_' 'L3_XZ_' 'L5_XZ_' 'L6_XZ_' 

% decide number of lattice cells to be analised in the thickness 

% LUC = Lattice Unit Cell 

LUC = 4; 

% UCS = Unit Cell Size in micron 

UCS = 1100; % 1 Unit Cell Size is 1,1 mm 

% X-CT Resolution 

% XCT_Res = 7.24575; %(1 pixel = 7.24 micron) 

XCT_Res = 10.954; %(1 pixel = 10.954 micron for X-CT batch1) 

Folder path for logical arrays containing info for images "x-z" 
planes 

Img_FolderPath = 'C:\Users\prb19227\Documents\MATLAB'; 

Img_LatticeName = 'C2_RedHalf'; 

% Img_FolderPath = 'E:\OneDrive - University of Strathclyde\PhD\Documents\MATLAB'; % 

'C:\Users\prb19227\Documents\MATLAB' 

% Img_LatticeName = 'L8_45XZ'; % 'L1_45XZ' 'L2_45XZ' 

Img_FullFilePath = fullfile(Img_FolderPath, Img_LatticeName); 

size of images "x-z" planes 

Width = (LUC * (UCS/XCT_Res)); % Number of slices needed 

HWidth = ceil(Width/2); %HalfWidth - integer 

[~, R_Width, ~] = size(R_Crop); 

CentreR = round(R_Width/2); 

StartR = CentreR - HWidth; 

FinishR = CentreR + HWidth; 

 

mkdir C2_XZ 



 

cd 'C2_XZ'% L1_45XZ L2_XZ 

 

for i_y = StartR:FinishR 

    img_ixz_old = R_Crop(:,i_y,:); %3D image 

    img_ixz = reshape(img_ixz_old, size(img_ixz_old,1), size(img_ixz_old,3)); %2D 

image 

    img_ixz = img_ixz'; 

    imshow(img_ixz) 

    number_img = string(i_y); 

    Full_name = string(Name_Img + number_img); 

    Full_name = char(Full_name); 

    save(Full_name, 'img_ixz'); 

end 
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% BC_Script_XZSlices_v9_from_NODES_XY performs the automatic geometrical             

% characterization of the lattice nodes that belong to the XZ plane. 

Housekeeping 

%clf 

clc 

%clear all 

warning('off','all') 

Scale management 

% PixelWidth_micron = 7.24575; %(1 pixel = 7.24 micron) 

PixelWidth_micron = 10.954; %(1 pixel = 10.954 micron for X-CT batch1) 

Choose what should be computed ( = 1 only) 

Compute_BlobAtEdgeFiltering = 0; % Remove blobs in touch with the edge (circular 

shape only !!!) 

Compute_BlobSizeColour = 0; % Colour blobs according to their area 

Compute_BlobSizeFiltering = 1; % Filter blobs in touch with the outer circle 

 

LightVersion = 1; %1 means NO figures are created; 0 means that Figures are generated 

Creation of Data store to import all the segmented slices from X-CT 
for a single sample 

% Folder path and Lattice Name (Name of the Folder containing images for 

% single sample 

 

Img_FolderPath =  'E:\OneDrive - University of Strathclyde\PhD\Documents\MATLAB'; 

%'C:\Users\prb19227\Documents\MATLAB' 

Img_LatticeName = 'C2_XZ'; % 'L1_Slices_XZ' 'L1-Lattice' 'L2_XZ' 'L3_XZ'  'L4_XZ' 

% Img_FolderPath = 'C:\Users\prb19227\Documents\MATLAB'; 

% Img_LatticeName = 'L1_45XZ'; 

Img_FullFilePath = fullfile(Img_FolderPath, Img_LatticeName); 

 

if ~isfolder(Img_FullFilePath) % the tilde ‘~’ is a logical negation. So the if 

condition is true (the file exist), the algorithm goes to ELSE cosndition. 

    disp('Merci de mettre à jour le chemin d''accès au fichier bordel de merde !') 

    return 

else 

    imds = fileDatastore(Img_FullFilePath, 'ReadFcn', @load, 

'FileExtensions',{'.mat'}); 

 

    % Initialize a cell array to hold the data and counter |i|. 

    dataarray = cell(numel(imds.Files), 1); 

    i = 1; 

    % Reset the datastore to the first file and read the files one at a time 



 

    % until there is no data left.  Assign the data to the array |dataarray|. 

    reset(imds); 

    while hasdata(imds) 

        dataarray{i} = read(imds); 

        i = i+1; 

    end 

end 

Merci de mettre à jour le chemin d'accès au fichier bordel de merde ! 

IMAGE ANALYSIS START 

Assumption image contains some objects (ones) 

ImageContains1 = 1; 

 

for i_img = 200:length(dataarray) 

    I = dataarray{i_img,1}; % reads the i-th matrix-image in the image store imds 

    Img(:,:) = I.img_ixz(:,:); 

    Img_bw = Img; 

    number_img = string(i_img); %number of slice to put on the title of figures 

    %Img_bw = Img == 255;% Convert image to binary 

Remove blobs at edge 

    if Compute_BlobAtEdgeFiltering == 1 

        se_size = 25; 

        DispResult = 1; % Set 'DispResult = 1' if intermediate steps should be 

displayed 

        %[Img_NoEdge, Edge_Radius] = Fctn_RemoveEdgeBlobs(Img_bw, se_size, 

DispResult); 

        [Img_NoEdge, Edge_Radius] = Fctn_RemoveEdgeBlobs(Img, se_size, DispResult); 

        Img2Use = Img_NoEdge; 

    else 

        Img2Use = Img; 

        %imshow(Img2Use) 

    end 

Image properties 

    [ImgHeight_pixel, ImgWidth_pixel, ~] = size(Img2Use); % Size of the image Img_bw 

    Img_Labeled = bwlabel(Img2Use, 8); % 8 : connectivity %bwlabel LABELS connected 

components in a binary image 

Image analysis with region props 

    BLACK = false(ImgHeight_pixel, ImgWidth_pixel); 

 

    if Img2Use == BLACK 

       %A(i_img,1) = 0; 

       ImageContains1 = 0; 



 

    else 

        %A(i_img,1) = 1; 

        ImageContains1 = 1; 

        Properties = regionprops('table', Img_Labeled , {'Area', 

'PixelList','ConvexHull','MinorAxisLength','MajorAxisLength','Eccentricity'}); % 

Changing 'all' by the selection of desired properties decrease computation time 

        Properties.AreaMicron = Properties.Area .* ((PixelWidth_micron)^2); % creates 

a coloumn in the TABLE Properties called "AreaMicron" 

        SliceNumber_imgI = zeros(height(Properties),1); 

        SliceNumber_imgI(:) = i_img; %it's a vector 

        Properties.SliceNumber = SliceNumber_imgI; 

    end 

Display image where the blobs are coloured according to their area 

==> Permits to adjust filtering values 

    if Compute_BlobSizeColour == 1 && ImageContains1 ==1 

        %--- 1st step : Convert data (µm²) to create coloured image (+ Conversion 

pixel => µm) 

        [ColourBlob_Img, BinLimits, cmap] = Fctn_ColourBlob_Area(Img2Use, 

Properties.AreaMicron); 

        % ColourBlob_Img : image 

        % BinLimits : max and min area values 

        % ColorMap : Matlab object permitting to manage image colours 

 

        %--- 2nd step : Create figure and axes, display image & define required 

settings 

 

 

        Fig_Strut = figure('NumberTitle', 'off', 'name', 'Blob area display of slice 

' + number_img, 'Color', [1 1 1]);% Create figure 

        set(Fig_Strut, 'Units', 'normalized'); 

        %     ImgFigOutPosition = [0.375 0.05 0.6 0.9]; % Uncomment to define figure 

position 

        %     set(Fig_Strut, 'OuterPosition', ImgFigOutPosition); % Uncomment to 

define figure position 

        Axes_SOI = axes(Fig_Strut); % Create axes 

        cla(Axes_SOI, 'reset'); % Reset axes (good for memory) 

        hold(Axes_SOI, 'on') 

 

        imshow(ColourBlob_Img, 'Parent', Axes_SOI) 

        set(Axes_SOI, 'ColorScale', 'log', 'CLim', [BinLimits(1), BinLimits(2)], 

'Colormap', cmap) % 'lin' <=> 'log' 

        cBar = colorbar(Axes_SOI, 'AxisLocation', 'out'); % Display color bar 

        set(cBar, 'Ticks', sort(unique([cBar.Limits, cBar.Ticks]))) % Display color 

bar 

        cBar.Label.String = 'Blob area (µm²)'; 

        cBar.Ruler.Scale = 'log'; % 'lin' <=> 'log' 

        cBar.Ruler.MinorTick = 'on'; 

 

        %------ Add scale in µm to x & y axis 

        micron_Ticks_Step = 1000; 

        Fctn_AddScale(Axes_SOI, micron_Ticks_Step, PixelWidth_micron, 



 

ImgHeight_pixel, ImgWidth_pixel) 

    end 

Segmentation - Filtering : keep only the struts of interest 

    if Compute_BlobSizeFiltering == 1 && ImageContains1 ==1 

        %--- Trigger definition 

        trig_low_Micron = 150000; 

        trig_high_Micron = 350000; 

 

        %--- Filtering : Identify the struts of interest (SOIs) 

        Index_SOI = find((Properties.AreaMicron >= trig_low_Micron) & 

(Properties.AreaMicron <= trig_high_Micron)); % SOI = Strut Of Interest 

        Mask_SOI = ismember(Img_Labeled, Index_SOI); % Extract only those blobs that 

meet our criteria 

    %     figure, imshow(Mask_SOI); 

 

        %--- Extract boundaries of the SOI 

        Boundaries_SOI = bwboundaries(Mask_SOI, 8, 'noholes'); % 8 : connectivity 

 

        if LightVersion == 0 

 

        %--- Display result 

        %------ Figure & axes initialisation 

        Fig_SOI = figure('NumberTitle', 'off', 'name', 'SOI display  ' + number_img, 

'Color', [1 1 1]);% Create figure 

        set(Fig_SOI, 'Units', 'normalized'); 

        %     ImgFigOutPosition = [0.375 0.05 0.6 0.9]; % Uncomment to define figure 

position 

        %     set(Fig_Area, 'OuterPosition', ImgFigOutPosition); % Uncomment to 

define figure position 

        Axes_SOI = axes(Fig_SOI); % Create axes 

        cla(Axes_SOI, 'reset'); % Reset axes (good for memory) 

        hold(Axes_SOI, 'on') 

 

        %------ Display background image (starting image) 

        imshow(Img, 'Parent', Axes_SOI) 

 

%         %------ Add boundaries 

%         BoundaryColour = 'r'; % (r = red, g = green, ...) 

%         BoundaryThickness = 2; 

%             for i_Boundary = 1 : size(Boundaries_SOI, 1) 

%                 Boundary_i = Boundaries_SOI{i_Boundary}; 

%                 plot(Axes_SOI, Boundary_i(:,2), Boundary_i(:,1), BoundaryColour, 

'LineWidth', BoundaryThickness); 

%             end 

%             hold(Axes_SOI, 'off') 

 

            imgoverlay = imoverlay(Img_bw, Mask_SOI,'yellow'); 

    imshow(imgoverlay, 'Parent', Axes_SOI); 

    hold(Axes_SOI, 'on') 

 

        %------ Add scale in µm to x & y axis 

        micron_Ticks_Step = 1000; 

        Fctn_AddScale(Axes_SOI, micron_Ticks_Step, PixelWidth_micron, 



 

ImgHeight_pixel, ImgWidth_pixel) 

        end 

 

    end 

Analysis of the regions with Ellipse Axes, Feret Diameters and 
Bounding box 

https://uk.mathworks.com/help/matlab/ref/waitbar.html and modified 

if ImageContains1 == 1 

    Props_SOI = Properties(Index_SOI, :); % Creates table with regionProps only for 

the indexed SOIs 

    % Props_SOI_ConvexHullmicron = [Props_SOI.ConvexHull{:,1}].*PixelWidth_micron; 

 

    % MinorAxisLength (or MajorAxisLength) is the Length (in pixels) of the 

    % minor axis (or major axis) of the ellipse that has the same normalized 

    % second central moments as the region, returned as a scalar. Second 

    % Central Moments are IMAGE PROPERTIES often used after segmentation to 

    % help the analysis. 

    Props_SOI.MajorAxisLengthMicron = Props_SOI.MajorAxisLength .* 

(PixelWidth_micron); %adding Minor and Major Axis of the Ellipse in micron 

    Props_SOI.MinorAxisLengthMicron = Props_SOI.MinorAxisLength .* 

(PixelWidth_micron); 

 

    P_SOI = table2struct(Props_SOI); % creates a STRUCTURE 

 

    %--- Store the filtered struts in singular vectors and cells. To do this, it's 

better 

    %to store the data in separated vector and then to recombine the table 

 

    SliceNumberV = Props_SOI.SliceNumber(:); 

    AreaMicronV = Props_SOI.AreaMicron(:); 

    ConvexHullC = Props_SOI.ConvexHull(:); 

    PixelListC = Props_SOI.PixelList(:); 

 

 

    if i_img == 1 

        i0 = 0; 

        i =  i0 +1; 

        j =  i + length(SliceNumberV) -1; 

 

        SliceNumber(i:1:j,1) = SliceNumberV(:); 

        AreaMicron(i:1:j,1) = AreaMicronV(:); 

        ConvexHull(i:1:j,1) = ConvexHullC(:); 

        PixelList(i:1:j,1) = PixelListC(:); 

        i0 = j; 

    else 

        i0 = j; 

        i =  i0 +1; 

        j =  i + length(SliceNumberV) -1; 

        SliceNumber(i:1:j,1) = SliceNumberV(:); 

        AreaMicron(i:1:j,1) = AreaMicronV(:); 

        ConvexHull(i:1:j,1) = ConvexHullC(:); 

        PixelList(i:1:j,1) = PixelListC(:); 



 

        i0 = j; 

    end 

 

    %--- Making the table with all the struts of interest 

    T = table(SliceNumber, AreaMicron,ConvexHull,PixelList); 

    T = table2struct(T); 

 

    %--- TRIAL WITH NEW ORTHOGONAL DIAMETER WITH feretPropertiesBEA5 

    % FeretP = feretPropertiesBEA4(P_SOI); BEA 4 works in script v5 

    FeretP = feretPropertiesBEA5(T, PixelWidth_micron); 

    % --- stuff 

    endpointsMAXferet = {FeretP(:).MaxFeretDiameterEndpoints}; % in pixel 

    endpointsMAXferetX = cell(size(endpointsMAXferet)); 

    for xx=1:size(endpointsMAXferet,2) 

        endpointsMAXferetX{1,xx} = endpointsMAXferet{1,xx}{1,1}(:,1); 

    end 

 

    endpointsMAXferetY = cell((endpointsMAXferet)); 

    for xx=1:size(endpointsMAXferet,2) 

        endpointsMAXferetY{1,xx} = endpointsMAXferet{1,xx}{1,1}(:,2); 

    end 

 

    %--- Analysis of the region: estimation of minor axis of ellipses of each blob 

from the area of the blob and the Max Feret diameter 

 

    %MinAxisEllipseFeret 

    A = zeros(size(FeretP,1),1); 

    a = zeros(size(FeretP,1),1); 

    b = zeros(size(FeretP,1),1); % HALF the minimum axis 

 

    for i_blob = 1 : size(FeretP,1) 

        Data_Region_i =  FeretP(i_blob); 

        A(i_blob, 1) = Data_Region_i.AreaMicron; 

        a(i_blob, 1) = Data_Region_i.MaxFeretDiameterMicron ./ 2; 

        b =  A(i_blob, 1) ./ (a * pi()); 

    end 

 

    MinAxisEllipseMaxFeretMicron = b .* 2; 

 

    % Add this as a coloumn in FeretP 

    MinAxisEllipseC = num2cell(MinAxisEllipseMaxFeretMicron); 

    [FeretP.MinAxisEllipseMaxFeretMicron] = MinAxisEllipseC{:}; 

 

    %--- Analysis of the region: estimation of the Equivalent Diameter 

    D_eq = zeros(size(FeretP,1),1); 

    for i_blob = 1 : size(FeretP,1) 

        Data_Region_i =  FeretP(i_blob); 

        A(i_blob, 1) = Data_Region_i.AreaMicron; 

        D_eq(i_blob,1) =  sqrt((A(i_blob, 1) .* 4) ./ pi()); 

    end 

 

    % Add this as a coloumn in FeretP 

    D_eqC = num2cell(D_eq); 

    [FeretP.D_eq] = D_eqC{:}; 

 

end 



 

end 

 

Histogram for the properties of the slices of interest and average 
properties (Equivalent Diameter, Max Feret, OrthoFeret, etc) 

% Equivalent diameter 

Fig_Histo = figure('NumberTitle', 'off', 'name', 'Histogram Equivalent Diameter Node 

XZ(µm)', 'Color', [1 1 1]); % Create figure 

histogram([FeretP.D_eq]); 

 

Eq_D_avg = mean([FeretP.D_eq]); 

 

% Orthogonal diameter 

Fig_HistoOF = figure('NumberTitle', 'off', 'name', 'Histogram Orthogonal Diameter 

Node XZ (µm)', 'Color', [1 1 1]); 

histogram([FeretP.OrthogonalDiameterMicron]); 

 

Ortho_avg = mean([FeretP.OrthogonalDiameterMicron]); 

Summary Table ST (as BC_Scipt_v9_NODE_XY.m) 

ST.DiagonalStrutsRelativeToLattice = convertCharsToStrings(Img_LatticeName); 

ST.Equivalent_Diameter_micron = Eq_D_avg; 

ST.EquivDiamtMicron_SD = std([FeretP.D_eq]); 

ST.OrthoDMicron = Ortho_avg; 

ST.OrthoDM_SD = std([FeretP.OrthogonalDiameterMicron]); 

ST.MaxFeretDiameter_micron = mean([FeretP.MaxFeretDiameterMicron]); 

ST.StDev_MaxFeretDiameter_micron = std([FeretP.MaxFeretDiameterMicron]); 

ST.MinFeretDiameter_micron = mean([FeretP.MinFeretDiameterMicron]); 

ST.StDev_MinFeretDiameter_micron = std([FeretP.MinFeretDiameterMicron]); 

ST = struct2table(ST); 

Storing info 

cd NodesXZ 

mkdir C2 

cd C2 

save ST ST 

save FeretP FeretP 
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% AnalysisHorizontalFeatures_Struts_XZ performs the automatic geometrical             

% characterization of the lattice struts that belong to the XZ plane. 

Housekeeping 

%clf 

clc 

%clear all 

warning('off','all') 

Scale management 

PixelWidth_micron = 7.24575; %(1 pixel = 7.24 micron) 

PixelWidth_micron = 10.954; %(1 pixel = 10.954 micron for X-CT batch1) 

Choose what should be computed ( = 1 only) 

Compute_BlobAtEdgeFiltering = 0; % Remove blobs in touch with the edge (circular 

shape only !!!) 

Compute_BlobSizeColour = 1; % Colour blobs according to their area 

Compute_BlobSizeFiltering = 1; % Filter blobs in touch with the outer circle 

LightVersion = 1; %1 means NO figures are created; 0 means that Figures are generated 

Creation of Data store to import all the segmented slices from X-CT 
for a single sample 

% Folder path and Lattice Name (Name of the Folder containing images for 

% single sample 

Img_FolderPath = 'E:\OneDrive - University of Strathclyde\PhD\Documents\MATLAB'; 

Img_LatticeName = 'C2_XZ'; % 'L1_Slices_XZ''L1_45XprimeYprimeDiagonalStruts'; 

L2_45XYprimeDiagonalStruts'; 'L2_XZ' 'L3_XZ''L4_XZ' 'L6_XZ''L8_XZ' 

Img_FullFilePath = fullfile(Img_FolderPath, Img_LatticeName); 

 

if ~isfolder(Img_FullFilePath) % the tilde ‘~’ is a logical negation. So the if 

condition is true (the file exist), the algorithm goes to ELSE cosndition. 

    disp('Please updated the folder path and or folder name!') 

    return 

else 

    imds = fileDatastore(Img_FullFilePath, 'ReadFcn', @load, 

'FileExtensions',{'.mat'}); 

 

    % Initialize a cell array to hold the data and counter |i|. 

    dataarray = cell(numel(imds.Files), 1); 

    i = 1; 

    % Reset the datastore to the first file and read the files one at a time 

    % until there is no data left.  Assign the data to the array |dataarray|. 

    reset(imds); 

    while hasdata(imds) 

        dataarray{i} = read(imds); 



 

        i = i+1; 

    end 

end 

Please update the folder path and or folder name! 

IMAGE ANALYSIS START 

Assumption image contains some objects (ones) 

ImageContains1 = 1; 

 

for i_img = 1:ceil(length(dataarray)/7) 

    I = dataarray{i_img,1}; % reads the i-th matrix-image in the image store imds 

    Img(:,:) = I.img_ixz(:,:);  % I.img_ixz(:,:) for Lattice L2-L8 

    Img_bw = Img; 

    number_img = string(i_img); %number of slice to put on the title of figures 

    %Img_bw = Img == 255;% Convert image to binary 

Remove blobs at edge 

    if Compute_BlobAtEdgeFiltering == 1 

        se_size = 25; 

        DispResult = 1; % Set 'DispResult = 1' if intermediate steps should be 

displayed 

        %[Img_NoEdge, Edge_Radius] = Fctn_RemoveEdgeBlobs(Img_bw, se_size, 

DispResult); 

        [Img_NoEdge, Edge_Radius] = Fctn_RemoveEdgeBlobs(Img, se_size, DispResult); 

        Img2Use = Img_NoEdge; 

    else 

        Img2Use = Img; 

        %imshow(Img2Use) 

    end 

Image properties 

    [ImgHeight_pixel, ImgWidth_pixel, ~] = size(Img2Use); % Size of the image Img_bw 

    Img_Labeled = bwlabel(Img2Use, 8); % 8 : connectivity %bwlabel LABELS connected 

components in a binary image 

Image analysis with region props 

    BLACK = false(ImgHeight_pixel, ImgWidth_pixel); 

 

    if Img2Use == BLACK 

       %A(i_img,1) = 0; 

       ImageContains1 = 0; 

    else 

        %A(i_img,1) = 1; 

        ImageContains1 = 1; 

        Properties = regionprops('table', Img_Labeled , {'Area', 



 

'PixelList','ConvexHull','MinorAxisLength','MajorAxisLength','Eccentricity'}); % 

Changing 'all' by the selection of desired properties decrease computation time 

        Properties.AreaMicron = Properties.Area .* ((PixelWidth_micron)^2); % creates 

a coloumn in the TABLE Properties called "AreaMicron" 

        SliceNumber_imgI = zeros(height(Properties),1); 

        SliceNumber_imgI(:) = i_img; %it's a vector 

        Properties.SliceNumber = SliceNumber_imgI; 

    end 

Display image where the blobs are coloured according to their area 

==> Permit to adjust filtering values 

    if Compute_BlobSizeColour == 1 && ImageContains1 ==1 

        %--- 1st step : Convert data (µm²) to create coloured image (+ Conversion 

pixel => µm) 

        [ColourBlob_Img, BinLimits, cmap] = Fctn_ColourBlob_Area(Img2Use, 

Properties.AreaMicron); 

        % ColourBlob_Img : image 

        % BinLimits : max and min area values 

        % ColorMap : Matlab object permitting to manage image colours 

 

        %--- 2nd step : Create figure and axes, display image & define required 

settings 

        Fig_Strut = figure('NumberTitle', 'off', 'name', 'Blob area display of slice 

' + number_img , 'Color', [1 1 1]);% Create figure 

        set(Fig_Strut, 'Units', 'normalized'); 

        %     ImgFigOutPosition = [0.375 0.05 0.6 0.9]; % Uncomment to define figure 

position 

        %     set(Fig_Strut, 'OuterPosition', ImgFigOutPosition); % Uncomment to 

define figure position 

        Axes_SOI = axes(Fig_Strut); % Create axes 

        cla(Axes_SOI, 'reset'); % Reset axes (good for memory) 

        hold(Axes_SOI, 'on') 

 

        imshow(ColourBlob_Img, 'Parent', Axes_SOI) 

        set(Axes_SOI, 'ColorScale', 'log', 'CLim', [BinLimits(1), BinLimits(2)], 

'Colormap', cmap) % 'lin' <=> 'log' 

        cBar = colorbar(Axes_SOI, 'AxisLocation', 'out'); % Display color bar 

        set(cBar, 'Ticks', sort(unique([cBar.Limits, cBar.Ticks]))) % Display color 

bar 

        cBar.Label.String = 'Blob area (µm²)'; 

        cBar.Ruler.Scale = 'log'; % 'lin' <=> 'log' 

        cBar.Ruler.MinorTick = 'on'; 

 

        %------ Add scale in µm to x & y axis 

        micron_Ticks_Step = 1000; 

        Fctn_AddScale(Axes_SOI, micron_Ticks_Step, PixelWidth_micron, 

ImgHeight_pixel, ImgWidth_pixel) 

    end 

  



 

Segmentation - Filtering : keep only the struts of interest 

    if Compute_BlobSizeFiltering == 1 && ImageContains1 ==1 

        %--- Trigger definition 

        trig_low_Micron = 50500; 

        trig_high_Micron = 80000; 

 

        %--- Filtering : Identify the struts of interest (SOIs) 

        Index_SOI = find((Properties.AreaMicron >= trig_low_Micron) & 

(Properties.AreaMicron <= trig_high_Micron)); % SOI = Strut Of Interest 

        Mask_SOI = ismember(Img_Labeled, Index_SOI); % Extract only those blobs that 

meet our criteria 

    %     figure, imshow(Mask_SOI); 

 

        %--- Extract boundaries of the SOI 

        Boundaries_SOI = bwboundaries(Mask_SOI, 8, 'noholes'); % 8 : connectivity 

 

        if LightVersion == 0 

 

        %--- Display result 

        %------ Figure & axes initialisation 

        Fig_SOI = figure('NumberTitle', 'off', 'name', 'SOI display  ' + number_img, 

'Color', [1 1 1]);% Create figure 

        set(Fig_SOI, 'Units', 'normalized'); 

        %     ImgFigOutPosition = [0.375 0.05 0.6 0.9]; % Uncomment to define figure 

position 

        %     set(Fig_Area, 'OuterPosition', ImgFigOutPosition); % Uncomment to 

define figure position 

        Axes_SOI = axes(Fig_SOI); % Create axes 

        cla(Axes_SOI, 'reset'); % Reset axes (good for memory) 

        hold(Axes_SOI, 'on') 

 

        %------ Display background image (starting image) 

        imshow(Img, 'Parent', Axes_SOI) 

 

        %------ Add boundaries 

        BoundaryColour = 'r'; % (r = red, g = green, ...) 

        BoundaryThickness = 2; 

            for i_Boundary = 1 : size(Boundaries_SOI, 1) 

                Boundary_i = Boundaries_SOI{i_Boundary}; 

                plot(Axes_SOI, Boundary_i(:,2), Boundary_i(:,1), BoundaryColour, 

'LineWidth', BoundaryThickness); 

            end 

            hold(Axes_SOI, 'off') 

 

        %------ Add scale in µm to x & y axis 

        micron_Ticks_Step = 1000; 

        Fctn_AddScale(Axes_SOI, micron_Ticks_Step, PixelWidth_micron, 

ImgHeight_pixel, ImgWidth_pixel) 

        end 

 

    end 

  



 

Analysis of the regions with Ellipse Axes, Feret Diameters and 
Bounding box 

https://uk.mathworks.com/help/matlab/ref/waitbar.html and modified 

if ImageContains1 == 1 

    Props_SOI = Properties(Index_SOI, :); % Creates table with regionProps only for 

the indexed SOIs 

    % Props_SOI_ConvexHullmicron = [Props_SOI.ConvexHull{:,1}].*PixelWidth_micron; 

 

    % MinorAxisLength (or MajorAxisLength) is the Length (in pixels) of the 

    % minor axis (or major axis) of the ellipse that has the same normalized 

    % second central moments as the region, returned as a scalar. Second 

    % Central Moments are IMAGE PROPERTIES often used after segmentation to 

    % help the analysis. 

    Props_SOI.MajorAxisLengthMicron = Props_SOI.MajorAxisLength .* 

(PixelWidth_micron); %adding Minor and Major Axis of the Ellipse in micron 

    Props_SOI.MinorAxisLengthMicron = Props_SOI.MinorAxisLength .* 

(PixelWidth_micron); 

 

    P_SOI = table2struct(Props_SOI); % creates a STRUCTURE 

 

    %--- Store the filtered struts in singular vectors and cells. To do this, it's 

better 

    % to store the data in separated vector and then to recombine the 

    % table. We need to do this so we have a full table that contains ALL 

    % the struts (from all the slices), rather than having many P_SOI 

    % struts that are relative only to one single slice. 

 

    SliceNumberV = Props_SOI.SliceNumber(:); 

    AreaMicronV = Props_SOI.AreaMicron(:); 

    ConvexHullC = Props_SOI.ConvexHull(:); 

    PixelListC = Props_SOI.PixelList(:); 

    MajourAxisLengthMicronC = Props_SOI.MajorAxisLengthMicron(:); 

    MinorAxisLengthMicronC = Props_SOI.MinorAxisLengthMicron(:); 

    EccentricityC = Props_SOI.Eccentricity(:); 

 

    if i_img == 1 

        i0 = 0; 

        i =  i0 +1; 

        j =  i + length(SliceNumberV) -1; 

 

        SliceNumber(i:1:j,1) = SliceNumberV(:); 

        AreaMicron(i:1:j,1) = AreaMicronV(:); 

        ConvexHull(i:1:j,1) = ConvexHullC(:); 

        PixelList(i:1:j,1) = PixelListC(:); 

        Eccentricity(i:1:j,1) = EccentricityC(:); 

        MajourAxisLengthMicron(i:1:j,1) = MajourAxisLengthMicronC(:); 

        MinorAxisLengthMicron(i:1:j,1) = MinorAxisLengthMicronC(:); 

        i0 = j; 

    else 

        i0 = j; 

        i =  i0 +1; 

        j =  i + length(SliceNumberV) -1; 

        SliceNumber(i:1:j,1) = SliceNumberV(:); 

        AreaMicron(i:1:j,1) = AreaMicronV(:); 



 

        ConvexHull(i:1:j,1) = ConvexHullC(:); 

        PixelList(i:1:j,1) = PixelListC(:); 

        Eccentricity(i:1:j,1) = EccentricityC(:); 

        MajourAxisLengthMicron(i:1:j,1) = MajourAxisLengthMicronC(:); 

        MinorAxisLengthMicron(i:1:j,1) = MinorAxisLengthMicronC(:); 

        i0 = j; 

    end 

 

    %--- Making the table with all the struts of interest 

    T = table(SliceNumber, AreaMicron,ConvexHull,PixelList, Eccentricity, 

MajourAxisLengthMicron, MinorAxisLengthMicron); 

    T = table2struct(T); 

 

    %--- Calculating Feret Properties 

    FeretP = feretPropertiesBEA5(T, PixelWidth_micron); 

    % --- stuff 

    endpointsMAXferet = {FeretP(:).MaxFeretDiameterEndpoints}; % in pixel 

    endpointsMAXferetX = cell(size(endpointsMAXferet)); 

    for xx=1:size(endpointsMAXferet,2) 

        endpointsMAXferetX{1,xx} = endpointsMAXferet{1,xx}{1,1}(:,1); 

    end 

 

    endpointsMAXferetY = cell((endpointsMAXferet)); 

    for xx=1:size(endpointsMAXferet,2) 

        endpointsMAXferetY{1,xx} = endpointsMAXferet{1,xx}{1,1}(:,2); 

    end 

 

    %--- Analysis of the region: estimation of minor axis of ellipses of each blob 

from the area of the blob and the Max Feret diameter 

 

    %MinAxisEllipseFeret 

    A = zeros(size(FeretP,1),1); 

    a = zeros(size(FeretP,1),1); 

    b = zeros(size(FeretP,1),1); % HALF the minimum axis 

 

    for i_blob = 1 : size(FeretP,1) 

        Data_Region_i =  FeretP(i_blob); 

        A(i_blob, 1) = Data_Region_i.AreaMicron; 

        a(i_blob, 1) = Data_Region_i.MaxFeretDiameterMicron ./ 2; 

        b =  A(i_blob, 1) ./ (a * pi()); 

    end 

 

    MinAxisEllipseMaxFeretMicron = b .* 2; 

 

    % Add this as a coloumn in FeretP 

    MinAxisEllipseC = num2cell(MinAxisEllipseMaxFeretMicron); 

    [FeretP.MinAxisEllipseMaxFeretMicron] = MinAxisEllipseC{:}; 

 

    %--- Analysis of the region: estimation of the Equivalent Diameter 

    D_eq = zeros(size(FeretP,1),1); 

    for i_blob = 1 : size(FeretP,1) 

        Data_Region_i =  FeretP(i_blob); 

        A(i_blob, 1) = Data_Region_i.AreaMicron; 

        D_eq(i_blob,1) =  sqrt((A(i_blob, 1) .* 4) ./ pi()); 

    end 

 



 

    % Add this as a coloumn in FeretP 

    D_eqC = num2cell(D_eq); 

    [FeretP.D_eq] = D_eqC{:}; 

 

end 

end 

SUMMARY TABLE with Average and Standard Deviation measurements 

ST contains: 1. Equivalent Diameter; 2. Orthogonal Diameter; 3. MaxFeretDiameter; 4. 
MinFeretDiameter; 5. MajourAxisLength; 6. MinorAxisLength; 7. 
MinorAxisLengthFromMaxFeretMicron 

ST.DiagonalStrutsRelativeToLattice = convertCharsToStrings(Img_LatticeName); 

ST.Equivalent_Diameter_micron = mean([FeretP.D_eq]); 

ST.StDev_Equivalent_Diameter_micron = std(([FeretP.D_eq])); 

ST.Orthogonal_Diameter_micron = mean([FeretP.OrthogonalDiameterMicron]); 

ST.StDev_Orthogonal_Diameter_micron = std([FeretP.OrthogonalDiameterMicron]); 

ST.MaxFeretDiameter_micron = mean([FeretP.MaxFeretDiameterMicron]); 

ST.StDev_MaxFeretDiameter_micron = std([FeretP.MaxFeretDiameterMicron]); 

ST.MinFeretDiameter_micron = mean([FeretP.MinFeretDiameterMicron]); 

ST.StDev_MinFeretDiameter_micron = std([FeretP.MinFeretDiameterMicron]); 

ST.Majour_Axis_Micron = mean([FeretP.MajourAxisLengthMicron]); 

ST.StDev_Majour_Axis_Micron = std([FeretP.MajourAxisLengthMicron]); 

ST.Minor_Axis_Micron = mean([FeretP.MinorAxisLengthMicron]); 

ST.StDev_Minor_Axis_Micron = std([FeretP.MinorAxisLengthMicron]); 

ST.MinorAxis_FromMaxFeret_Micron = mean([FeretP.MinAxisEllipseMaxFeretMicron]); 

ST.StDev_MinorAxis_FromMaxFeret_Micron = std([FeretP.MinAxisEllipseMaxFeretMicron]); 

 

ST = struct2table(ST); %Transforming struct to table 

HISTOGRAMS of VARIABLES of INTEREST 

% Equivalent diameter 

Fig_HistoEqD = figure('NumberTitle', 'off', 'name', 'Histogram Equivalent Diameter 

Diagonal Struts (µm)  ' + convertCharsToStrings(Img_LatticeName), 'Color', [1 1 1]); 

% Create figure 

histogram([FeretP.D_eq]); 

 

% Orthogonal diameter 

HistoOrthoD = figure('NumberTitle', 'off', 'name', 'Histogram Orthogonal Diameter 

Diagonal Struts (µm)  ' + convertCharsToStrings(Img_LatticeName), 'Color', [1 1 1]); 

histogram([FeretP.OrthogonalDiameterMicron]); 

 

% MinorAxisEllipse 

HistoMinAxis = figure('NumberTitle', 'off', 'name', 'Histogram Minor Axis Ellipse for 

Diagonal Struts (µm)  ' + convertCharsToStrings(Img_LatticeName), 'Color', [1 1 1]); 

histogram([FeretP.MinorAxisLengthMicron]); 

the analysis is saved in the folder "AnalysisDiagonalStrutsXYprime" (From MATLAB 
folder) 

cd AnalysisHorizontalStruts_XZ % AnalysisDiagonalStrutsXYprime 

mkdir C2 % TO BE CHANGED 



 

cd C2 % TO BE CHANGED 

save ST ST 

save FeretP FeretP 

Published with MATLAB® R2019a 
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“ ”

function T = feretPropertiesBEA5(T, PixelWidth_micron) 

 

% feretPropertiesBEA5 calculates the maximum and minimum Feret Diameters, 

% as well as the orientation of these and other stuff. INPUT: T is the 

% structure coming from RegionProps of an image; PixelWidth_micron is the 

% width of the pixel of the image. 

% OUTPUT: T is the same input structure, it contains all the regions of 

% interest and gives as an output  with the additional fields relative to 

% the Feret Properties. 

 

% feret Properties initialization 

maxfd = zeros(length(T),1); 

maxfd_endpoints = cell(length(T),1); 

maxfd_orientation = zeros(length(T),1); 

 

minfd = zeros(length(T),1); 

minfd_triangle_points = cell(length(T),1); 

minfd_orientation = zeros(length(T),1); 

 

minod = zeros(length(T),1); 

minod_lower_points = cell(length(T),1); 

minod_upper_points = cell(length(T),1); 

 

minbb = cell(length(T),1); 

minbb_a = zeros(length(T),1); 

 

 

for k = 1:length(T) % k index (for each region found from regionProps) 

 

    Data_Region_k =  T(k); 

    % this algorithms works on the Theorem 4,18, Preparata and Shamos, 

    % Computational Geometry, 1985. It assumes the input image is convex. 

    % Therefore, we need to work on ConvexHull of the strut. 

    ConvexHull_k = Data_Region_k.ConvexHull; 

        %     figure, imshow(ConvexHull_k) 

 

    polygon=polyshape(ConvexHull_k); % N.B. polyshape needs x and y coordinates 

    V = polygon.Vertices; %this contains the COORDINATES of he verteces of the 

polygon 

    pairs = antipodalPairsB(V); %antipodalPairs finds antipodal verteces (verteces 

are the imput here, in coordinates) 

 

    % MAX Feret Diameter 

    [maxfd(k),maxfd_endpoints{k}] = maxFeretDiameter(V,pairs); 

    points = maxfd_endpoints{k}; 

    e = points(2,:) - points(1,:); 

    maxfd_orientation(k) = atan2d(e(2),e(1)); 

 

    % min Feret Diameter 



 

    % min Feret Diameter is 

    [minfd(k),minfd_triangle_points{k}] = minFeretDiameter(V,pairs); 

    points = minfd_triangle_points{k}; 

    e = points(2,:) - points(1,:); 

    thetad = atan2d(e(2),e(1)); 

    minfd_orientation(k) = mod(thetad + 180 + 90,360) - 180; 

 

    % orthogonal diameter 

    % takes in the Vertices V  and the orientation of the maximum Feret 

    % Diamater 

    [minod(k),minod_lower_points{k},minod_upper_points{k}] = ... 

        feretDiameter(V, maxfd_orientation(k)+90); 

 

    % minimum area bounding box 

    [minbb{k},minbb_a(k)] = minAreaBoundingBox(V,pairs); 

 

end 

 

% Conversion of Max Feret, Min Feret, Ortho Feret from pixels to micron 

maxfd = maxfd .* PixelWidth_micron; 

minfd = minfd .* PixelWidth_micron; 

minod = minod .* PixelWidth_micron; 

 

% Conversion of vectors to cells (C) into cells with appropriate array 

% dimension to be then stored in T, the structure containing the 

% information of the regions of interest 

 

maxfdC = num2cell(maxfd); 

maxfd_endpoints = num2cell(maxfd_endpoints); 

maxfd_orientation = num2cell(maxfd_orientation); 

minfdC = num2cell(minfd); 

minfd_triangle_points = num2cell(minfd_triangle_points); 

minfd_orientation = num2cell(minfd_orientation); 

minod = num2cell(minod); 

minod_lower_points = num2cell(minod_lower_points); 

minod_upper_points = num2cell(minod_upper_points); 

minbb = num2cell(minbb); 

minbb_a = num2cell(minbb_a); 

 

% Creating additional fields to T structure (in pixel, some exceptions): 

 

[T.MaxFeretDiameterMicron] = maxfdC{:}; %this is in micron 

[T.MaxFeretDiameterEndpoints] = maxfd_endpoints{:}; 

[T.MaxFeretDiameterOrientation] = maxfd_orientation{:}; 

[T.MinFeretDiameterMicron] = minfdC{:}; %this is in micron 

[T.MinFeretDiameterTrianglePoints] = minfd_triangle_points{:}; 

[T.MinFeretDiameterOrientation] = minfd_orientation{:}; 

[T.OrthogonalDiameterMicron] = minod{:}; %this is in micron 

[T.OrthogonalDiameterLowerPoints] = minod_lower_points{:}; 

[T.OrthogonalDiameterUpperPoints] = minod_upper_points{:}; 

[T.MinAreaBoundingBox] = minbb{:}; 

[T.MinAreaBoundingBoxArea] = minbb_a{:}; 

end 
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“ ”

CompTestData = xlsread('MT-0320Sp6withDICpluscyclic.xls',4); %Import from sheet 4 

SampleDetails = xlsread('MT-0320Sp6withDICpluscyclic.xls',3); % Import from sheet 3 

CorrectionCurve1 = xlsread('CorrectionCurveRTH13M2July2022no1.xls',2); 

CorrectionCurve2 = xlsread('CorrectionCurveRTH13M2July2022no2.xls',2); 

CorrectionCurve3 = xlsread('CorrectionCurveRTH13M2July2022no3.xls',2); 

 

StdForce_N = CompTestData(:,2); % Loads (N) 

StdTravel_mm = CompTestData(:,3); % Reading from Platens hence Inaccurate) 

timeMachine = CompTestData(:,4); % Time (s) from the Testing Machine 

 

% Load data from DIC (strain, time, ...) 

[DIC,~] = importdata('Specimen_6_removingoutliers.txt'); 

DICData = DIC.data; 

clear DIC 



 

 %DICData contains 1) Image n.; 2) time (s); 3) L(t) (mm); 4) dL(t) (mm); 

 %5) strain (s); 6) force (us); 7) stress(us/mm^2); 

 

% extraction of data of interest form DIC 

t_DIC = DICData(:,2); % Time (s) relative to the DIC analysis 

L_t  = DICData(:,3); % Instant Length (mm) 

dL_t = DICData(:,4); % Instant Incremental Lenght (mm) 

 

% Sample data extraction 

% H0 (initial height, mm), D0 (initial diameter, mm), A0 (initial 

% cross-section, mm^2), Test_last (s) 

H0 = SampleDetails(1,1); % Initial height (mm) 

A0 = SampleDetails(1,4); % initial cross-section (mm^2) 

TrueStrain = log(L_t./L_t(1,1)); % True Strain (-) 

True_strain = filloutliers(TrueStrain,'nearest','mean'); % True Strain DENOISED by 

removing and filling outliers with method 'nearest' and 'mean' 

%strain = smoothdata(TrueStrain, 'lowess'); %lowess and movmean ---- 

%movmedian movmedian, gaussian  --sgolay very bad 

% strain = smoothdata(TrueStrain, 'movmean'); 

fig0 = figure('NumberTitle', 'off', 'name', 'True Strain after denoising operation', 

'Color', [1 1 1]); 

%plot(strain) 

hold on 

plot(TrueStrain) 

hold on 

plot(True_strain, 'LineWidth', 1.3) 

title('True Strain after denoising operation') 

ylabel('True Strain (-)') 

legend({'Original Data', 'Denoised Data'}, 'Location', 'northeast') 

 

Eng_Strain = exp(True_strain) -1; % Engineering strain from smoothened True Strain 

 

 



 

fig1 = figure('NumberTitle', 'off', 'name', 'Load over MachineTime with Maximum and 

Minimum Points', 'Color', [1 1 1]); 

plot(timeMachine, StdForce_N) 

hold on 

% title('Load over MachineTime with Maximum and Minimum Points') 

xlabel('Time from Machine (s)') 

ylabel('Load (N)') 

hold on 

 

Max = zeros(3,2); 

Min = zeros(3,2); 

M = zeros(3,2); 

m = zeros(3,2); 

TimeMaxMin = zeros(5,2); % save the time (s) in 1st coloumn and INDEX in time in 2nd 

coloumn (beginning and ending of the curve are ignored 

LoadMaxMin = zeros(5,2); % save the load (N) in 1st coloumn and INDEX in time in 2nd 

coloumn (beginning and ending of the curve are ignored 

 

% 1st Max 

Low = 100; 

High = 200; 

IntMax1 = find(timeMachine >= Low & timeMachine <=High); 

[Max(1,2), Max(1,1)] = max(StdForce_N(IntMax1)); 

tMax1 = Low + timeMachine(Max(1,1)); 

IndxT = find(StdForce_N == Max(1,2)); 

M(1,:) = [tMax1,Max(1,2)]; 

TimeMaxMin(1,:) = [tMax1, IndxT]; 

LoadMaxMin(1,:) = [Max(1,2),IndxT]; 

scatter(tMax1, Max(1,2), 'filled', 'MarkerFaceColor',[1 0.5 0]) 

hold on 

% 2nd Max 

Low = 200; 

High = 400; 

IntMax2 = find(timeMachine >= Low & timeMachine <=High); 

[Max(2,2), Max(2,1)] = max(StdForce_N(IntMax2)); 

tMax2 = Low + timeMachine(Max(2,1)); 

M(2,:) = [tMax2,Max(2,2)]; 

IndxT = find(StdForce_N == Max(2,2)); 

TimeMaxMin(3,:) = [tMax2, IndxT]; 

LoadMaxMin(3,:) = [Max(2,2),IndxT]; 

scatter(tMax2,Max(2,2), 'filled', 'MarkerFaceColor',[1 0.5 0]) 

hold on 

 

% 3rd Max 

Low = 500; 

High = 800; 

IntMax3 = find(timeMachine >= Low & timeMachine <=High); 

[Max(3,2), Max(3,1)] = max(StdForce_N(IntMax3)); 

TIME3Indx = find(StdForce_N == Max(3,2)); 

tMax3 = timeMachine(TIME3Indx); 

M(3,:) = [tMax3,Max(3,2)]; 

IndxT = find(StdForce_N == Max(3,2)); 

TimeMaxMin(5,:) = [tMax3, IndxT]; 



 

LoadMaxMin(5,:) = [Max(3,2),IndxT]; 

scatter(tMax3,Max(3,2), 'filled', 'MarkerFaceColor',[1 0.5 0]) 

hold on 

 

% 1st Min 

tLow = 200; 

tHigh = 300; 

IntMin1 = find(timeMachine >=tLow & timeMachine<= tHigh); 

[Min(1,2), Min(1,1)] = min(StdForce_N(IntMin1)); 

IndxT = find(StdForce_N == Min(1,2)); 

tMax4 = timeMachine(IndxT); 

TimeMaxMin(2,:) = [tMax4, IndxT]; 

tmin = tLow + timeMachine( Min(1,1)); 

t(3,1) = tmin; 

TimeIndx = IntMin1(1)+ Min(1,1); 

LoadMaxMin(2,:) = [Min(1,2),IndxT]; 

m(1,:) = [TimeIndx , Min(1,2) ]; 

scatter(tmin, Min(1,2), 'filled', 'MarkerFaceColor',[1 0.5 0]); 

hold on 

 

% 2nd Min 

tLow = 400; 

tHigh = 600; 

IntMin1 = find(timeMachine >=tLow & timeMachine<= tHigh); 

[Min(2,2), Min(2,1)] = min(StdForce_N(IntMin1)); 

IndxT = find(StdForce_N == Min(2,2)); 

tMax4 = timeMachine(IndxT); 

TimeMaxMin(4,:) = [tMax4, IndxT]; 

tmin = tLow + timeMachine( Min(2,1)); 

t(4,1) = tmin; 

TimeIndx = IntMin1(1)+ Min(2,1); 

LoadMaxMin(4,:) = [Min(2,2),IndxT]; 

m(2,:) = [TimeIndx , Min(2,2) ]; 

scatter(tmin, Min(2,2), 'filled', 'MarkerFaceColor',[1 0.5 0]); 

hold on 

 



 

AbsoluteStrain = abs(Eng_Strain); % Absolute values of Engineering Strain (-) 

 

timeMaxMinDIC = zeros(5,2); % save the time (s) in 1st coloumn and INDEX in time in 

2nd coloumn (beginning and ending of the curve are ignored) 

StrainMaxMin = zeros(5,2); % save the strain (-) in 1st coloumn and INDEX in time in 

2nd coloumn (beginning and ending of the curve are ignored) 

 

fig2 = figure('NumberTitle', 'off', 'name', 'True Strain over DICTime with Maximum 

and Minimum Points', 'Color', [1 1 1]); 

plot(t_DIC, AbsoluteStrain) 

% title('Strain over DICTime with Maximum and Minimum Points') 

xlabel('DIC Time (s)') 

ylabel('Engineering Strain (-)') 

 

hold on 

 

% 1st Maximum Strain 

tLow = 100; 

tHigh = 200; 

IntStr = find(t_DIC >=tLow & t_DIC <= tHigh); 

[Max1, Indx1] = max(AbsoluteStrain(IntStr)); 

tMax1 = tLow + t_DIC(Indx1); %time (s) 

TimeIndx = IntStr(1)+Indx1; %time indx (integer) 

timeMaxMinDIC(1,:) = [tMax1, TimeIndx]; 

StrainMaxMin(1,:) = [Max1, TimeIndx]; 

scatter(tMax1, Max1, 'filled', 'MarkerFaceColor',[1 0.5 0]); 

hold on 

 

% 2nd Maximum Strain 

tLow = 350; 

tHigh = 370; 

IntStr = find(t_DIC >=tLow & t_DIC <= tHigh); 

[Max1, Indx1] = max(AbsoluteStrain(IntStr)); 

tMax1 = tLow + t_DIC(Indx1); %time (s) 

TimeIndx = IntStr(1)+Indx1; %time indx (integer) 

timeMaxMinDIC(3,:) = [tMax1, TimeIndx]; 

StrainMaxMin(3,:) = [Max1, TimeIndx]; 

scatter(tMax1, Max1, 'filled', 'MarkerFaceColor',[1 0.5 0]); 

hold on 

 

% 3rd Maximum Strain 

tLow = 600; 

tHigh = 706; 

IntStr = find(t_DIC >=tLow & t_DIC <= tHigh); 

[Max1, Indx1] = max(AbsoluteStrain(IntStr)); 

tMax1 = tLow + t_DIC(Indx1); %time (s) 

TimeIndx = IntStr(1)+Indx1; %time indx (integer) 

timeMaxMinDIC(5,:) = [tMax1, TimeIndx]; 

StrainMaxMin(5,:) = [Max1, TimeIndx]; 

scatter(tMax1, Max1, 'filled', 'MarkerFaceColor',[1 0.5 0]); 

hold on 



 

 

% 1st minimum Strain 

tLow = 200; 

tHigh = 300; 

IntStr = find(t_DIC >=tLow & t_DIC <= tHigh); 

[Min1, Indx1] = min(AbsoluteStrain(IntStr)); 

TimeIndx = IntStr(1)+Indx1; % index of minimum in time - serves to couple curve later 

tMin1 = tLow + t_DIC(Indx1); 

timeMaxMinDIC(2,:) = [tMin1, TimeIndx]; 

StrainMaxMin(2,:) = [Min1, TimeIndx]; 

%mstrain(1,:) = [TimeIndx, Min1]; 

scatter(tMin1, Min1, 'filled', 'MarkerFaceColor',[1 0.5 0]); 

hold on 

 

% 2nd minimum Strain 

tLow = 450; 

tHigh = 513.4; 

IntStr = find(t_DIC >=tLow & t_DIC <= tHigh); 

[Min1, Indx1] = min(AbsoluteStrain(IntStr)); 

TimeIndx = IntStr(1)+Indx1; % index of minimum in time - serves to couple curve later 

tMin1 = tLow + t_DIC(Indx1); 

timeMaxMinDIC(4,:) = [tMin1, TimeIndx]; 

StrainMaxMin(4,:) = [Min1, TimeIndx]; 

%mstrain(1,:) = [TimeIndx, Min1]; 

scatter(tMin1, Min1, 'filled', 'MarkerFaceColor',[1 0.5 0]); 

hold on 

 

Delta = timeMaxMinDIC(:,1) - TimeMaxMin(:,1); 

AvgDelta = mean(Delta(:,1)); 

t_DIC_original = t_DIC; 

t_DIC = t_DIC_original - AvgDelta; % Shifting t_DIC to match TimeMachine 

% Engineering Strains for each cycling step (loading and unloading) from 

% Step 1 (1st Loading) to Step 5 (3rd Loading - before the final unloading) 

EngStrainStep1 = AbsoluteStrain(1:StrainMaxMin(1,2)); 



 

EngStrainStep2 = AbsoluteStrain(StrainMaxMin(1,2):StrainMaxMin(2,2)); 

EngStrainStep3 = AbsoluteStrain(StrainMaxMin(2,2):StrainMaxMin(3,2)); 

EngStrainStep4 = AbsoluteStrain(StrainMaxMin(3,2):StrainMaxMin(4,2)); 

EngStrainStep5 = AbsoluteStrain(StrainMaxMin(4,2):StrainMaxMin(5,2)); 

 

% time intervals from the DIC (Step 1 - Step 5) 

timeDIC1 = t_DIC(1:StrainMaxMin(1,2)); 

timeDIC2 = t_DIC(StrainMaxMin(1,2):StrainMaxMin(2,2)); 

timeDIC3 = t_DIC(StrainMaxMin(2,2):StrainMaxMin(3,2)); 

timeDIC4 = t_DIC(StrainMaxMin(3,2):StrainMaxMin(4,2)); 

timeDIC5 = t_DIC(StrainMaxMin(4,2):StrainMaxMin(5,2)); 

 

% Time intervals from the Testing Machine (Step 1 - Step 5) 

timeM1 = timeMachine(1:TimeMaxMin(1,2)); 

timeM2 = timeMachine(TimeMaxMin(1,2): TimeMaxMin(2,2)); 

timeM3 = timeMachine(TimeMaxMin(2,2): TimeMaxMin(3,2)); 

timeM4 = timeMachine(TimeMaxMin(3,2): TimeMaxMin(4,2)); 

timeM5 = timeMachine(TimeMaxMin(4,2): TimeMaxMin(5,2)); 

 

% Interpolation of Strain over time intervals from Machine (extrapolating data to 

match the vector size of EngStress, see below) 

EngEpsilon1 = interp1(timeDIC1,EngStrainStep1,timeM1, 'linear', 'extrap'); 

EngEpsilon2 = interp1(timeDIC2,EngStrainStep2,timeM2, 'linear', 'extrap'); 

EngEpsilon3 = interp1(timeDIC3,EngStrainStep3,timeM3, 'linear', 'extrap'); 

EngEpsilon4 = interp1(timeDIC4,EngStrainStep4,timeM4, 'linear', 'extrap'); 

EngEpsilon5 = interp1(timeDIC5,EngStrainStep5,timeM5); % here 'linear', 'extrap' 

makes noise at the toe of the curve 

 

% Checking interpolation allowed correct creation of vectors 

SIZEcheck = zeros(5,4); 

SIZEcheck(1,:) = [size(EngEpsilon1,1); size(EngStrainStep1,1); size(timeDIC1,1); 

size(timeM1,1)]; 

SIZEcheck(2,:) = [size(EngEpsilon2,1); size(EngStrainStep2,1); size(timeDIC2,1); 

size(timeM2,1)]; 

SIZEcheck(3,:) = [size(EngEpsilon3,1); size(EngStrainStep3,1); size(timeDIC3,1); 

size(timeM3,1)]; 

SIZEcheck(4,:) = [size(EngEpsilon4,1); size(EngStrainStep4,1); size(timeDIC4,1); 

size(timeM4,1)]; 

SIZEcheck(5,:) = [size(EngEpsilon5,1); size(EngStrainStep5,1); size(timeDIC5,1); 

size(timeM5,1)]; 

 

% Loads relative to Step 1 - Step 5 

F1 = StdForce_N(1:TimeMaxMin(1,2)); 

F2 = StdForce_N(TimeMaxMin(1,2): TimeMaxMin(2,2)); 

F3  = StdForce_N(TimeMaxMin(2,2): TimeMaxMin(3,2)); 

F4  = StdForce_N(TimeMaxMin(3,2): TimeMaxMin(4,2)); 

F5  = StdForce_N(TimeMaxMin(4,2): TimeMaxMin(5,2)); 

 

% Engineering Stress (Step 1 - Step 5) 

EngStressStep1 = F1./A0; 

EngStressStep2 = F2./A0; 

EngStressStep3 = F3./A0; 

EngStressStep4 = F4./A0; 

EngStressStep5 = F5./A0; 

 



 

% Full vectors of Engineering Strain and Engineering Stress to allow 

% plotting of the curve 

EngEpsilon = [EngEpsilon1; EngEpsilon2; EngEpsilon3; EngEpsilon4; EngEpsilon5]; 

EngStress = [EngStressStep1;EngStressStep2; EngStressStep3; EngStressStep4; 

EngStressStep5]; 

 

fig4 = figure('NumberTitle', 'off', 'name', 'Engineering curve - coupled and 

interpolated StepbyStep', 'Color', [1 1 1]); 

plot(EngEpsilon1, EngStressStep1) 

hold on 

plot(EngEpsilon2, EngStressStep2) 

hold on 

plot(EngEpsilon3, EngStressStep3) 

hold on 

plot(EngEpsilon4, EngStressStep4) 

hold on 

plot(EngEpsilon5, EngStressStep5) 

 

SigmaMax = LoadMaxMin(1,1)/A0; % Max Engineering Stress in Step2 

SigmaMin = LoadMaxMin(2,1)/A0; % Min Engineering Stress in Step2 

 

Indx2a = find(EngStressStep2 == SigmaMax); 

Indx2b = find(EngStressStep2 == SigmaMin); 

 

EpsilonMax = EngEpsilon2(Indx2a); % Engineering Strain relative to Max Engineering 

Stress in Step2 

EpsilonMin = EngEpsilon2(Indx2b); % Engineering Strain relative to Min Engineering 

Stress in Step2 

 

ESecantEngGPa = (SigmaMax - SigmaMin)/((EpsilonMax - EpsilonMin)*1000); % Elastic 



 

Modulus by SECANT method (Step2) (GPa) 

 

EpsilonSecEng = [EpsilonMax; EpsilonMin]; 

SigmaSecEng = [SigmaMax; SigmaMin]; 

 

figure 

plot(EngEpsilon2, EngStressStep2) 

hold on 

scatter(EpsilonSecEng,SigmaSecEng , (100), 'filled','diamond', 'MarkerFaceColor',[0 

.8 .8]) 

hold on 

plot(EpsilonSecEng,SigmaSecEng , 'Color',[0 .8 .8]) 

% 

fig5 = figure('NumberTitle', 'off', 'name', 'Engineering curve - interpolated 

StepbyStep', 'Color', [1 1 1]); 

hold on 

% title('Full Compression curve in cyclic loading with Elastic Modulus - Stress vs 

Strain Curve interpolated step by step', 'FontSize',24) 

xlabel('Engineering Strain (-)', 'FontSize',16) 

ylabel('Engineering Stress (MPa)', 'FontSize', 16) 

E_Step2Eng = fitlm(EngEpsilon2, EngStressStep2); % linear model 

R_squared = E_Step2Eng.Rsquared.Ordinary; % R-squared 

E_eng = E_Step2Eng.Coefficients.Estimate(2); %MPa 

%q_t = E_Step2Eng.Coefficients.Estimate(1); %intercept q 

E_Eng_GPa = E_eng/1000; 

plot(EngEpsilon, EngStress) 

hold on 

plot(EngEpsilon2, E_Step2Eng.Variables.y, 'b-') 

hold on 

plot(EngEpsilon2, E_Step2Eng.Fitted, 'r-.') 

hold on 

scatter(EpsilonSecEng,SigmaSecEng , (100), 'filled','diamond', 'MarkerFaceColor',[0 

.8 .8]) 

hold on 

str = {'Elastic modulus (Linear Fitting) =' E_Eng_GPa 'GPa'}; 

str2 = {'R^{2} =' R_squared}; 

PosX = min(EngEpsilon)+(max(EngEpsilon)-min(EngEpsilon))/3; % Defining position of 

texts in the figure (along the TrueStrain Axis) 

PosYE = max(EngStress)-(max(EngStress)-min(EngStress))/2.2; % Defining position of 

text for E in the figure (along the TrueStress Axis) 

PosYR = max(EngStress)-(max(EngStress)-min(EngStress))/1.7; % Defining position of 

text for R-squared in the figure (along the TrueStress Axis) 

text(PosX,PosYE,str, 'FontSize',16) 

text(PosX,PosYR , str2, 'FontSize',16) 

hold on 

str3 = {'Elastic modulus (Secant)=' ESecantEngGPa 'GPa'}; 

PosX3 = min(EngEpsilon)+(max(EngEpsilon)-min(EngEpsilon))/3; 

PosYESec = max(EngStress)-(max(EngStress)-min(EngStress))/5.0; 

text(PosX3,PosYESec,str3, 'FontSize',16) 

legend({'Experimental Data Full Curve', 'Experimental Data Step2','Linear Fit Model', 

'Secant points'}, 'Location', 'southeast', 'FontSize',16) 



 

 

 

% Engineering curve 

UpperPoint = find(EngStressStep2 >=399 & EngStressStep2 <= 401); 

SigmaEngUpperPoint = EngStressStep2(UpperPoint); % Max Stress. Stress ~400 MPa 

EngStrainUpperPoint = EngEpsilon2(UpperPoint); % Strain relative to the Max Stress 

above (-) 

 



 

E_sec_UpP = (SigmaEngUpperPoint - SigmaMin)/((EngStrainUpperPoint - 

EpsilonMin)*1000); % Elastic Modulus evaluated in Step 2 between 0-400 MPa in Stress 

ScatterPoints = [EngStrainUpperPoint, SigmaEngUpperPoint;  EpsilonMin, SigmaMin]; 

 

figure 

axes('FontSize', 16); 

hold on 

plot(EngEpsilon, EngStress) 

hold on 

plot(EngEpsilon2(UpperPoint:end), E_Step2Eng400.Variables.y, 'b-') 

hold on 

plot(EngEpsilon2(UpperPoint:end), E_Step2Eng400.Fitted, 'r-.') 

hold on 

scatter(ScatterPoints(:,1), ScatterPoints(:,2), (100), 'filled','diamond', 

'MarkerFaceColor',[0 .8 .8]) 

hold on 

 

str3 = {'Elastic modulus (Secant) for stresses between 0 MPa and 400 MPa=' E_sec_UpP 

'GPa'}; 

PosX3 = min(EngEpsilon)+(max(EngEpsilon)-min(EngEpsilon))/3; 

PosYESec = max(EngStress)-(max(EngStress)-min(EngStress))/2; 

text(PosX3,PosYESec,str3, 'FontSize',16) 

xlabel('Engineering Strain (-)', 'FontSize',16) 

ylabel('Engineering Stress (MPa)', 'FontSize',16) 

legend({'Experimental Data Full Curve', 'Experimental Data Step2','Linear Fit Model', 

'Secant points'}, 'Location', 'southeast', 'FontSize',16) 

 

figure 

axes('FontSize', 24); 



 

hold on 

plot(EngEpsilon, EngStress, 'LineWidth', 1) 

hold on 

 

xlabel('Engineering Strain (-)', 'FontSize',24) 

ylabel('Engineering Stress (MPa)', 'FontSize',24) 

 

 

https://www.mathworks.com/products/matlab
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